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[57] ABSTRACT 

A magnetoopdcal recording medium has first and second 
magnetic layers laminated in that order on a transparent 
substrate on which a received laser beam is incident The 
coercive force of the second magnetic layer is greater than 
that of the first magnetic layer and is greater than o w /2M j2 h 2 . 
where cr w is the magnetic wall energy between the first and 
second magnetic layers, M j2 is the saturation magnetization 
of the second magnetic layer, and hj is the film thickness of 
the second magnetic layer. The coercive force of the first 
magnetic layer is greater that a^M^hj, where M^ is the 
saturation magnetization of the first magnetic layer and h, is 
the film thickness of the first magnetic layer. The compen- 
sation temperature of the first magnetic layer is smaller than 
the Curie temperature of the first magnetic layer. Recording 
is performed by selectively applying a laser spot, having 
either a high power or a low power. 

23 Claims, 16 Drawing Sheets 
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MAGNETO OPTICAL RECORDING MEDIUM 
HAVING MAGNETIC LAYERS THAT 
SATISFY PREDETERMINED COERCIVE 

FORCE RELATIONSHIPS, AND 
RECORDING/REPRODUCTION METHOD 
FOR THE MEDIUM 

BACKGROUND OF THE INVENTION 
1. Held of the Invention 

The present invention relates to a magnetooptical record- 
ing medium on which information is recorded, and from 
which information is reproduced, and erased using a laser 
beam, and a magnetooptical recording/reproduction method. 

1 Related Background Art 

A conventional magnetooptical recording method is time- 
consuming since it requires three processes, i.e., erasing, 
recording, and collation processes to be performed upon the 
recording of information. In order to solve this problem, the 
following overwrite methods have been proposed. 

® Magnetic Field Modulation Method 

In this method, the intensity of an irradiation laser beam 
is maintained constant, and the polarity of a magnetic field 
to be applied is inverted at a high speed in correspondence 
with recording information, thereby achieving recording 
(Japanese Laid-Open Patent Application Nos. 63-204532 
and 63-76135, and the like). In this method, the polarity of 
the magnetic field to be applied must be inverted at a high 
speed. For this reason, high electric power must be input in 
order to generate a recording magnetic field from a position 
separated from the medium surface by a given distance so as 
to prevent collision between a recording head for generating 
the magnetic field and the medium surface, and it is tech- 
nically difficult to realize this method. Also, a method of 
bringing a magnetic head very close to the medium surface 
is proposed. However, with this method, the original advan- 
tage of an optical disk, i.c, non-contact recording/reproduc- 
tion, is not utilized. 

(3) Exchange-coupled Two-layered Film Method 

In this method, a magnetooptical recording medium 
which comprises, as a recording layer, a two-layered film 
consisting of a rare earth-transition metal amorphous alloy, 
is used, and an overwrite operation is performed by utilizing 
the exchange-coupling force between the two layers (Japa- 
nese Laid-Open Patent Application No. 62-175948, and the 
like). More specifically, a magnetooptical medium, which 
comprises a recording layer consisting of, e.g., TbFe, and an 
auxiliary layer consisting of TbFeCo, is used. After initial- 
ization for aligning the direction of magnetization of the 
auxiliary layer is performed, a recording bias magnetic field 
is applied, and a laser beam of binary power irradiates the 
medium, thus realizing an overwrite operation. With this 
method, there is a case of providing a magnetic wall between 
the two layers when information is recorded, and a problem 
associated with stability of recorded information, a problem 
associated with a large magnetic field required in initializa- 
tion, and the like still remain unsolved. 

SUMMARY OF THE INVENTION 

The present invention has been made to solve the prob- 
lems arising from using conventional techniques and has as 
its object to provide a magnetooptical recording medium and 
a recording/reproduction method, which can improve the 
stability of recorded information and at the same time, can 
improve the reproduction characteristics and recording den- 


sity in a method of performing an overwrite operation by 
utilizing an exchange-coupled two-layered film. 

In order to achieve the above object, there is provided a 
method of recording information on a magnetooptical 
recording medium, which is constituted by laminating at 
least a first magnetic layer and a second magnetic layer in 
this order on a substrate which has transparency and on 
which a laser beam is incident, and which satisfies the 
following relations (1) to (4): 
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H cl >cJ2M tl h x 


(1) 
(2) 
(3) 
(4) 


(where and are the coercive forces of the first and 
second magnetic layers; T cl and T c2 , the Curie temperatures 
of the first and second magnetic layers; M Tl and M^, 
saturation magnetizations of the first and second magnetic 
layers; h, and h 2 , the film thicknesses of the first and second 
magnetic layers; T eompl , the compensation temperature of 
the first magnetic layer, and ct w , the interface magnetic wall 
energy between the first and second magnetic layers), 
the method comprising: 

the step of aligning a direction of a magnetic moment of 
the first magnetic layer in one direction by an external 
magnetic field; 

the step of irradiating the medium with a laser spot of low 
power while applying a recording bias magnetic field in the 
same direction as the direction of the external magnetic field 
so as to form a first recording bit only in a high-temperature 
region in the laser spot; 

the step of irradiating the medium with a laser spot of high 
power while applying the recording bias magnetic field so as 
to form a second recording bit, in which a magnetic wall is 
present between the first and second magnetic layers, only in 
the high-temperature region in the laser spot; and 

the step of selecting one of the first recording bit forming 
step and the second recording bit forming step in correspon- 
dence with information. 

In order to achieve the above object, there is also provided 
a method of reproducing information from a magnetooptical 
recording medium, which is constituted by laminating at 
least a first magnetic layer and a second magnetic layer in 
this order on a substrate having transparency, and which 
satisfies the following relations (1) to (4): 


50 


55 


H c {X5jlM sl h lt and 


(1) 

(2) 
(3) 
(4) 


(where H c i and are the coercive forces of the first and 
second magnetic layers; T cl and T t2 , the Curie temperatures 
of the first and second magnetic layers; M,j and M j2 , 
saturation magnetizations of the first and second magnetic 
layers; h t and h 2 , the film thicknesses of the first and second 
magnetic layers; T co ^, lt the compensation temperature of 
the first magnetic layer, and the interface magnetic wall 
energy between the first and second magnetic layers), 
the method comprising: 

the step of irradiating the medium with a laser spot from 
the transparent substrate side; 
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the step of applying a magnetic field in a direction 
opposite to a direction of a magnetic moment of the first 
magnetic layer so as to change the direction of the magnetic 
moment of the first magnetic layer only in a high-tempera- 
ture region in the laser spot to a state wherein no magnetic 
wall is present between the first and second magnetic layers; 
and 

the step of reproducing recorded information by detecting 
reflected light of the laser spot 

In order to achieve the above object, there is also provided 
a magnetooptical recording medium in which at least a first 
magnetic layer and a second magnetic layer each consisting 
of a rare earth-transition metal alloy are laminated in this 
order on a substrate having transparency, and which satisfies 
the following conditions (1) and (2) and relations (3) to (8): 

(1) a sublattice magnetization of the first magnetic layer 
is rare earth element-dominant, 

(2) a composition of the first magnetic layer has a gradient 
in a direction of film thickness, such that a transition metal 
composition increases at a side near the substrate, 


^ci^cji are 


(8) 


Room Temperaturc<T COJrvl <r tl 
Tt2<T clt and 


H cl {RTHsJ.R7y2M, } (R7)h l (ai room temperaiureW^C*)- 
aJJRyiM MX {R)h x (upon reproduction) (8) 


H^>Hi>H eU 

Room Tcmpcratnrc<T ca-v l <T C , , 


0) 
(2) 
(3) 
(4) 
<5) 
(6) 


10 


IS 


20 


(3) 
(4) 
(5) 
(6) 

a) 


(where H cl and are respectively the coercive forces of 
the first and second magnetic layers; T el and T^, are the 
Curie temperatures of the first and second magnetic layers; 35 
hj and h 2 , are the film thicknesses of the first and second 
magnetic layers; T co „ vl , is the compensation temperature of 
the first magnetic layer, and a w , is the interface magnetic 
wall energy between the first and second magnetic layers. 
H cl (RT) and M fl (RT) respectively represent the coercive 40 
force and saturation magnetization of the first magnetic layer 
at room temperature. H^CR) and M jX (R) respectively rep- 
resent the coercive force and saturation magnetization of the 
first magnetic layer at a temperature upon reproduction. 
ovCRT) and o w (R) represent the interface magnetic wall 45 
energy at room temperature and at a temperature upon 
reproduction, respectively.) 

In order to achieve the above object, there is also provided 
a magnetooptical recording medium in which at least a third 
magnetic layer, a first magnetic layer, and a second magnetic 50 
layer are laminated in this order on a substrate having 
transparency, and which satisfies the following relations (1) 
to (8): 


55 
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65 


(where H cj , H^, and are respectively the coercive forces 
of the first, second, and third magnetic layers; T c) , T^, and 
T c3 , the Curie temperatures of the first, second, and third 
magnetic layers; h n h 2l and h 3 , are the film thicknesses of 
the first, second, and third magnetic layers; T^^, is the 
compensation temperature of the first magnetic layer; and 
o w 12 and o w 13, are the interface magnetic wall energies 
between the first and second magnetic layers and between 
the first and third magnetic layers. H^fRT) and M xl (KD 
respectively represent the coercive force and saturation 
magnetization of the first magnetic layer at room tempera- 
ture. H cl (R) and M^CR) respectively represent the coercive 
force and saturation magnetization of the first magnetic layer 
at a temperature upon reproduction. o w \ 2(RT) and a w l 2(R) 
represent the interface magnetic wall energies between the 
first and second magnetic layers at the room temperature and 
at a temperature upon reproduction, respectively.) 

In order to achieve the above object, there is also provided 
a magnetooptical recording medium in which at least a third 
magnetic layer, a first magnetic layer, and a second magnetic 
layer are laminated in this order named on a substrate having 
transparency, and which satisfies the following relations (1) 
to (9): 


25 


30 


Room Tcmpcrature^c^ X <T C l , 


(1) 
(2) 
C3) 
(4) 
(5) 
(6) 


(7) 


H tX {VTHyJi2{^V2M a \ifi^Vi l (at room tempcraturc># eJ (rt)- 
a w 12(/(y2M J1 (iOAj (upon reading), and (8) 


(9) 


tf«i(tfO-aJ2(/t7y2Af, 1 (K7yi l (ai room iemperature>// rl (^)- 
<SjinWM MX {Ryi u (7) 


(where H c i , H^, and H c3 are respectively the coercive forces 
of the first, second, and third magnetic layers; T cl> T^, and 
T c3 , are the Curie temperatures of the first, second, and third 
magnetic layers; h 1( hj, and h 3 , are the film thicknesses of 
the first, second, and third magnetic layers; T compl and 
T eomp3 * are the compensation temperatures of the first and 
third magnetic layers; and a w 12 and a w 13, are the interface 
magnetic wall energies between the first and second mag- 
netic layers and between the first and third magnetic layers. 
H cl (RT) and M^OtT) respectively represent the coercive 
force and saturation magnetization of the first magnetic layer 
at room temperature. H eI (R) and M,j(R) respectively rep- 
resent the coercive force and saturation magnetization of the 
first magnetic layer at a temperature upon reading. 
o v 12(RT) and a w \2(R) represent the interface magnetic 
wall energies between the first and second magnetic layers 
at the room temperature and at a temperature upon reading, 
respectively.) 

In order to achieve the above object, there is also provided 
a magnetooptical recording medium which is constituted by 
laminating at least two magnetic layers on a transparent 
substrate, wherein a first magnetic layer, which exhibits 
in-plane magnetic anisotropy at room temperature and 
exhibits perpendicular magnetic anisotropy when a tempera- 
ture rises, and a second magnetic layer exhibiting perpen- 
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dicular magnetic anisotropy are laminated in this order on 
the substrate, and the first and second magnetic layers satisfy 
the following relations (I) to (IV): 


H cX xjJQM, x h x \ and 


G) 
(n) 
(m) 

(IV) 


(where H cl is the coercive force of the first magnetic layer, 
T cl , is the Curie temperature of the first magnetic layer; 
Tccwvii* is the compensation temperature of the first mag- 
netic layer, M„, is the saturation magnetization of the first 
magnetic layer; hj, is the film thickness of the first magnetic 
layer, H c2 , is the coercive force of the second magnetic 
layer, is the Curie temperature of the second magnetic 
layer, M^, is the saturation magnetization of the second 
magnetic layer, h^ is the film thickness of the second 
magnetic layer, a w , is the interface magnetic wall energy 
between the first and second magnetic layers; and RT. is 
room temperature.) 

In order to achieve the above object, there is also provided 
a method of reproducing, from a magnetoopticaJ recording 
medium which is constituted by laminating at least a first 
magnetic layer and a second magnetic layer in turn on a 
substrate, and which satisfies the following conditions: 


10 


15 


20 


25 


30 


H cl X3jQMM. and 


(1) 
(2) 
0) 


35 


(4) 


40 


(where H cl and H c2 are the coercive forces of the first and 
second magnetic layers; a w , is the interface magnetic wall 
energy between the first and second magnetic layers; M jI 
and Mjj, are the saturation magnetizations of the first and 
second magnetic layers; h, and h 2 , are the film thicknesses 
of the first and second magnetic layers; T„ room tempera- 
ture; T complt is the compensation temperature of the first 
magnetic layer, and T c|( is the Curie temperature of the first 45 
magnetic layer). 

Binary information is recorded by selectively executing: 

(1) the step of aligning a direction of a magnetic moment 
of the first magnetic layer in one direction by an external 
magnetic field, and thereafter, irradiating the medium with a 
laser spot of low power while applying a recording bias 
magnetic field in the same direction as the direction of the 
external magnetic field so as to form a state, wherein no 
interface magnetic wall is present between the first and 
second magnetic layers, only in a portion of the laser spot; 
and 

(2) the step of aligning a direction of a magnetic moment 
of the first magnetic layer in one direction by an external 
magnetic field, and thereafter, irradiating the medium with a 
laser spot of high power while applying a recording bias 
magnetic field in the same direction as the direction of the 
external magnetic field so as to form a state, wherein an 
interface magnetic wall is present between the first and 
second magnetic layers, only in a portion of the laser spot, 

by applying a reproduction magnetic field while irradiat- 
ing the medium with a laser spot of power lower than the low 
power to transfer recorded information in the second mag- 
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netic layer to portion of the first magnetic layer correspond- 
ing to portion in the laser spot, thereby reproducing the 
recorded information. 
The method comprising: 

the determination step of, prior to reproduction of the 
recorded information, recording a pit string including at 
least a shortest mark pit corresponding to recording infor- 
mation at a predetermined position of the magnetooptical 
recording medium, reproducing the pit string while chang- 
ing the reproduction magnetic field and reproduction laser 
power, and determining an optimal combination of the 
reproduction magnetic field and reproduction laser power by 
detecting the reproduced signal. 

The above and other objects will become apparent from . 
the following detailed description of the embodiments, 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic sectional view showing an example 
of the layer structure of a magnetooptical recording medium 
used in the first embodiment of the present invention; 

FIG. 2 is a schematic sectional view showing another 
example of the layer structure of the magnetooptical record- 
ing medium used in the first embodiment of the present 
invention; 

FIG. 3 is a state transition chart showing an example of a 
magnetooptical recording method according to the first 
embodiment of the present invention; 

FIG. 4 is a state transition chart showing another example 
of the magnetooptical recording method according to the 
first embodiment of the present invention; 

FIGS. 5A and SB are views for explaining a reproduction 
method of magnetooptically recorded information according 
to the first embodiment of the present invention; 

FIG. 6 is a graph showing the temperature dependence of 
the first magnetic layer stability margin in the reproduction 
method according to the first embodiment of the present 
invention; 

FIG. 7 is a schematic sectional view showing an example 
of the basic structure of a magnetooptical recording medium 
used in the second embodiment of the present invention; 

FIG. 8 is a schematic sectional view showing another 
example of the basic structure of the magnetooptical record- 
ing medium used in the second embodiment of the present 
invention; 

FIG. 9 is a state transition chart of a magnetic layer in one 
example of a recording process of a recording/reproduction 
method according to the second embodiment of the present 
invention; 

FIG. 10 is a state transition chart of the magnetic layer in 
another example of the recording process of the recording/ 
reproduction method according to the second embodiment 
of the present invention; 

FIG. 11 is a state transition chart of the magnetic layer in 
still another example of the recording process of the record- 
ing/reproduction method according to the second embodi- 
ment of the present invention; 

FIGS. 12A and 12B are views for explaining a reproduc- 
tion method of magnetooptically recorded information 
according to the second embodiment of the present inven- 
tion; 

FIG, 13 is a graph showing the temperature dependence 
of the first magnetic layer stability margin in the reproduc- 
tion process of the recording/reproduction method according 
to the second embodiment of the present invention; 


10/30/2003, EAST Version: 1.4.1 


5,596,555 


8 


FIG. 14 is a schematic sectional view showing an example 
of the basic structure of a magnetooptical recording medium 
used in the third embodiment of the present invention; 

FIG. 15 is a schematic sectional view showing another 
example of the basic structure of the magnetooptical record* 5 
ing medium used in the third embodiment of the present 
invention; 

FIG. 16 is a state transition chart of a magnetic layer in 
one example of a recording process of a recording/repro- 
duction method according to the third embodiment of the 10 
present invention; 

FIGS. 17 A and 17B are views for explaining an example 
of a reproduction method of magnetooptically recorded 
information according to the third embodiment of (he 
present invention; 15 

FIG. 18 is a state transition chart of the magnetic layer in 
another example of the recording process of a recording/ 
reproduction method according to tie third embodiment of 
the present invention; 

FIG. 19 is a Graph showing the temperature dependence 20 
of the rectangularity ratio of a first magnetic layer in the 
reproduction process of the recording/reproduction method 
according to the third embodiment of the present invention; 

FIG. 20 is a schematic sectional view showing an example 
of a magnetooptical recording medium according to the 25 
fourth embodiment of the present invention; 

FIG. 21 is a schematic sectional view showing another 
example of the magnetooptical recording medium according 
to the fourth embodiment of the present invention; 

FIG. 22 is a state transition chart showing an example of 30 
a magnetooptical recording method according to the fourth 
embodiment of the present invention; 

FIG. 23 is a state transition chart showing another 
example of the magnetooptical recording method according 
to the fourth embodiment of the present invention; 35 

FIGS. 24A and 24B are views showing an example of a 
reproduction method according to the fourth embodiment of 
the present invention and showing a change in magnetic 
moment; 

FIG. 25 is a graph showing the relationship between a 
margin H cl (t)-<y w (ty2M J1 (t)h 1 for stabilizing a magnetic 
wall and the temperature; 

FIG. 26 is a schematic sectional view showing an example 
of the layer structure of a magnetooptical recording medium 45 
according to the sixth embodiment of the present invention; 

FIG. 27 is a schematic sectional view showing an example 
of the layer structure of a magnetooptical recording medium 
according to the fifth embodiment of the present invention; 

FIG. 28 is a schematic sectional view showing another 50 
example of the layer structure of the magnetooptical record- 
ing medium according to the sixth embodiment of the 
present invention; 

FIG. 29 is a schematic sectional view showing another 
example of the layer structure of the magnetooptical record- 55 
ing medium according to the fifth embodiment of the present 
invention; 

FIG. 30 is a state transition chart showing an example of 
a magnetooptical recording method according to the sixth ^ 
embodiment of the present invention; 

FIG. 31 is a state transition chart showing an example of 
a magnetooptical recording method according to the fifth 
embodiment of the present invention; 

FIG. 32 is a state transition chart showing another 65 
example of the magnetooptical recording method according 
to the sixth embodiment of the present invention; 


40 


FIG. 33 is a state transition chart showing another 
example of the magnetooptical recording method according 
to the fifth embodiment of the present invention; 

FIG. 34 is a graph showing the temperature characteristics 
of the coercive force of a magnetooptical recording layer 
according to the sixth embodiment of the present invention; 

FIG. 35 is a graph showing the temperature characteristics 
of the coercive force of a magnetooptical recording layer 
according to the fifth embodiment of the present invention; 

FIGS. 36A and 36B are views for explaining an example 
of a reproduction method of magnetooptically recorded 
information according to the sixth embodiment of the 
present invention; 

FIGS. 37A and 37B are views for explaining an example 
of a reproduction method of magnetooptically recorded 
information according to the fifth embodiment of the present 
invention; and 

FIG. 38 is a graph showing the change in coercive force 
of magnetic layers upon a change in temperature according 
to the seventh embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[First Embodiment] 

The present invention will be described in detail below 
with reference to its embodiment 

FIG. 1 is a schematic sectional view showing an example 
of the layer structure of a magnetooptical recording medium 
according to the present invention. The magnetooptical 
recording medium shown in FIG. 1 is constituted by directly 
laminating first and second magnetic layers 2 and 3 in turn 
on a substrate 1. In this recording medium, a recording/ 
reproduction laser beam is incident from the substrate 1 side. 

Each of the first and second magnetic layers 2 and 3 
comprises a perpendicular magnetization film consisting of 
an amorphous alloy of a rare earth element (Tb, Dy, Gd, Nd, 
Ho, or the like) and an iron-group transition metal (Fe, Co, 
Ni, or the like), and an exchange-coupling force acts 
between these two layers. As the substrate 1, known mate- 
rials such as glass, a glass member with a guide track 
consisting of an ultraviolet setting resin, polycarbonate, 
polymethyl rnethacrylate, an epoxy-based resin, and the like 
can be used without any limitations. 

The magnetooptical recording medium of the present 
invention satisfies the following conditions: 


U> 
(2) 
C3) 
(4) 


(where H cl and H rf are respectively the coercive forces of 
the first and second magnetic layers; T cl and T^ are the 
Curie temperatures of the first and second magnetic layers; 
M,i and M^, are the saturation magnetizations of the first 
and second magnetic layers; hj and h 2 , are the film thick- 
nesses of the first and second magnetic layers; T campl , is the 
compensation temperature of the first magnetic layer, and 
is the interface magnetic wall energy between the first 
and second magnetic layers.). 

Furthermore, the preferred example of the present inven- 
tion is a medium which satisfies the following conditions. 
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Room Terapmrore (flTycT^^,^, 


<n 

(2) 
(3) 
C4") 
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15 


20 


25 
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Relation ( 1 ') above is a condition for magnetizing only the 
first magnetic layer in one direction by an external (initial- 
ization) magnetic field Hi. Relations (2) and (3) above are 
conditions for allowing an interface magnetic wall to be 
stably present between the two layers. Relation (4') above is 
a condition for the second magnetic layer to have a com- 
pensation temperature, and allowing Curie-temperature 
recording while the external magnetic field and a recording 
magnetic field have the same direction (after the temperature 
rises beyond the compensation temperature and the direction 
of the spontaneous magnetization is reversed, the direction 
of magnetization is reversed (i.e., information is recorded) 
by the recording magnetic field at a temperature near the 
Curie temperature). 

FIG. 2 is a* schematic sectional view showing another 
example of the layer structure of the magnetooptical record- 
ing medium of the present invention. The magnetooptical 
recording medium shown in FIG. 2 is constituted by lami- 
nating a guide track layer 4, a protective layer 5, first and 
second magnetic layers 2 and 3, another protective layer 5, 
and a reflective layer 6, in turn, on a substrate 1. Further- 
more, an intermediate layer having a function of adjusting 
the exchange-coupling force may be arranged, and third and 
fourth magnetic layers for adding another function may be 
arranged. Moreover, two media each having the above- 
mentioned structure may be adhered to each other to con- 
stitute a double-sided recordable medium. 

FIG. 3 is a state transition chart showing an example of a 35 
magnetooptical recording method of the present invention. 
Note that the sublattice magnetization of the rare earth 
element is dominant in both the first and second magnetic 
layers 2 and 3. When the magnetic moments of the two 
layers are parallel to each other, no interface magnetic wall 
is formed between the two layers. 

Prior to magnetooptical recording, an external magnetic 
field Hi of 200 to 5,000 Oe is applied to align the magnetic 
moment of the first magnetic layer 2 in one direction 
(upward in this case), thus performing so-called initializa- 
tion [(a), (f) of FIG. 3]. When the strength of the magnetic 
field Hi required for initialization is smaller than, e.g., 500 
Oe, a recording magnetic field Hb may be commonly used 
in place of the external magnetic field Hi. 

Then, a laser beam whose laser power is changed between 
binary levels in correspondence with a recording signal 
irradiates the medium while applying the recording mag- 
netic field lib of about 50 to 500 Oe in the same direction 
(upward) as the external magnetic field, thus achieving 
recording as follows. 

When a laser beam of a low level Pb irradiates the 
medium (to be referred to as an L process hereinafter), the 
temperature of only a magnetic layer portion corresponding 
to the high-temperature portion of a laser spot rises to a 
temperature equal to or higher than the Curie temperature 
T e2 of the second magnetic layer, and the magnetic moment 60 
of the second magnetic layer 3 disappears [(b) of FIG. 3]. 
When the laser spot moves and the temperauire of the 
magnetic layer falls to room temperature, the state shown in 
(a) of FIG. 3 is restored. 

Note that the high-temperature portion of the laser spot is 
a portion of the laser spot including the highest-temperature 
portion of the laser spot. 


40 


45 


50 


55 


65 


On the other hand, when a laser beam of a high level Pa 
is irradiated (to be referred to as an H process hereinafter), 
the temperature of only a magnetic layer portion correspond- 
ing to the high-temperature portion of the laser spot rises to 
a temperature equal to or higher than the compensation 
temperature T campl of the first magnetic layer, and the 
sublattice magnetization of the transition metal becomes 
dominant in the first magnetic layer 2. As a result, the 
direction of the magnetic moment of the first magnetic layer 
2 is reversed [(c) of FIG. 3]. At this time, the direction of 
magnetization of the first magnetic layer 2 is reversed by the 
recording bias magnetic field Hb [(d) of FIG. 3]. When the 
laser spot moves and the temperature of the corresponding 
portion falls to a temperature equal to or lower than the 
compensation temperature T^^ of the first magnetic layer, 
the sublattice magnetization of the rare earth element 
becomes dominant again in the first magnetic layer 2, and 
the direction of the magnetic moment of the first magnetic 
layer 2 is reversed [(e) of FIG. 3]. When the temperature of 
the magnetic layer portion further falls to a temperature 
equal to or lower than the Curie temperature T^ of the 
second magnetic layer, magnetization appears in the second 
magnetic layer in the same direction as that of the sublattice 
magnetization of the first magnetic layer (so as not to form 
an interface magnetic wall) [(e') of FIG. 3]. When the 
magnetooptical recording medium is rotated and the mag- 
netic layer portion passes the external magnetic field Hi, the 
direction of magnetization of the first magnetic layer is 
aligned in the upward direction, as shown in a state (0 of 
FIG. 3. 

FIG. 4 is a state transition chart showing another example 
of the magnetooptical recording method of the present 
invention. In this method, substantially the same recording 
operation as that shown in FIG. 3 is performed, except that 
a magnetooptical recording medium in which the sublattice 
magnetization of the rare earth element is dominant in the 
first magnetic layer 2 and the sublattice magnetization of the 
transition metal is dominant in the second magnetic layer 3 
is used. In this case, when the magnetic moments of the two 
layers are anti-parallel to each other, no interface magnetic 
wall is formed between the two layers. 

As shown in FIG. 4, in the recording method in this case, 
states [(e) to (f) of FIG. 4] in a process wherein the 
temperature of the magnetic layer returns from the Curie 
temperature T^ of the second magnetic layer to room 
temperature in the H process are different from those shown 
in FIG. 3. This is because the sublattice magnetization of the 
rare earth element is dominant in the first magnetic layer 2 
and the sublattice magnetization of the transition metal is 
dominant in the second magnetic layer 3, as described 
above. Therefore, in a portion recorded in the H process, the 
magnetic moments of the two magnetic layers are parallel to 
each other (in the upward direction in this case), and an 
interface magnetic wall is formed between the two layers, as 
shown in (f) of FIG. 4. 

With the above-mentioned recording method, according 
to the present invention, a recording bit having a size equal 
to or smaller than the diffraction limit of the laser beam can 
be formed by an overwrite method. 

FIGS. 5 A and 5B show an example of a reproduction 
method of magnetooptically recorded information according 
to the present invention. Upon completion of the above- 
mentioned recording operation shown in (a) to (0 of FIG. 4, 
the magnetic moments in all the recorded portions of the first 
magnetic layer are aligned upward, as shown in FIG. SA, 
and it is difficult to reproduce recorded information from the 
second magnetic layer 3 even when a reproduction beam 
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irradiates the medium. For this reason, upon irradiation by 
the reproduction beam, the direction of the recording mag- 
netic field Hb shown in FIG. 4 is reversed to the downward 
direction, and the strength of the magnetic field is set to 
satisfy a condition H e ,-<y l /2M JI h l >Hh>H cl (t)-a w (t)/ 5 
2M jl (t)h 1 . Note that H cl (t), ajt), and M Tl (t) respectively 
represent the coercive force, interface magnetic wall energy, 
and saturation magnetization of the first magnetic layer at a 
temperature L 

Of the conditions of the magnetic field Hb given by the 10 
above relation, a condition H^-a^/ZM^h^Hb defines a 
condition for preventing the magnetic moment of the first 
magnetic layer from being reversed by only the magnetic 
field applied upon reproduction. 

Of the conditions of the magnetic field Hb given by the 15 
above relation, a condition Hb>H cl (t)-<J w (t)/2M J i(t)hj 
defines the following condition. With the reproduction beam 
to be described in detail later, the central portion of the beam 
spot has the highest temperature, and the temperature rise of 
a portion around the spot is small. When the power of the 20 
reproduction beam is gradually increased to increase the 
temperature t in the above relation, if t is equal .to room 
temperature, H cl (t)-o w (t)/2M jl (0h 1 equals H cl -oJ 
2M Jl h 1 , and means a margin for the stable presence of a 
magnetic wall. The margin is a positive value (e.g., 200 to 23 
500 Oe). For this reason, when the value Hb is set to be 
slightly smaller than the value H CI -o M /2M rl h„ if the tem- 
perature rises and the value H cl (t)-a w (ty2M J1 (t)h 1 
decreases even slightly, Hb>H c ,(t)-aj[i)/2M J i(t)hj is satis- 
fied. As a result, the magnetic moment of the first magnetic 30 
layer is reversed by the applied magnetic field Hb, and 
recorded information in the second magnetic layer is trans- 
ferred to the first magnetic layer. 

FIG. 6 is a graph showing the measurement results of the 
value H cl (t)-a w (t)/2M J1 (t)h l obtained by changing the tem- 35 
• perature L 

A measurement sample had the following arrangement. A 
1,800- A thick Gd 25 Fe 75 film (at %: sublattice magnetiza- 
tion=Gd dominant; the coercive force H cl =l,000 Oe, the 
compensation temperature=150° C, and the Curie tempera- 40 
ture=245° C) was formed on a slide glass substrate. Fur- 
thermore, a 400-A thick Tb^FeroCog film (at %: sublattice 
magnetization=FeCo dominant, the coercive force H c2 =15 t 
000 Oe, and the Curie temperature^ 175° C) was formed on 
the GdFe film. Thereafter, an 800-A thick Si 3 N 4 film was 45 
formed as a protective film. 

Hie measurement method was as follows. The sample 
was set in a VSM (vibrating sample type magnetometer) 
with a variable measurement temperature, and a magnetic 
field of 15 kOe or higher was applied to magnetize the 50 
TbFeCo film (corresponding to the second magnetic layer) 
upward. Then, a magnetic field having a strength of about 3 
kOe which did not reverse the direction of magnetization of 
the TbFeCo film was applied while changing its polarity so 
as to magnetize the GdFe film (corresponding to the first 55 
magnetic layer) upward (to form an interface magnetic 
wall). Thereafter, the strength of the magnetic field which 
could reverse the direction of magnetization of the GdFe 
film was checked while applying a downward magnetic 
field. More specifically, the value to be measured corre- 60 
sponds to Hp^tHr^t^M^iWhi. FIG. 6 is the graph show- 
ing the measurement results which were obtained while 
changing the temperature. 

As can be seen from the results shown in FIG. 6, a margin 
(Hcfihojfl^sii^x) which is about 500 Oe at room 65 
temperature decreases to about 150 Oe at 90° C. to 1 10° C. 
- For this reason, when the temperature of the magnetic layer 
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portion at the central portion of the beam spot of the 
reproduction laser beam rises to 90° C. to 1 10° C, and the 
temperature of a portion around the spot is, e.g„ 70° C. or 
less, if the strength of the downward magnetic field to be 
applied is set to be, e.g., 200 Oe, the magnetization of the 
second magnetic layer (TbFeCo film) at only the central 
portion of the reproduction beam can be transferred and read 
out In other words, FIG. 6 shows the temperature depen- 
dence of the first magnetic layer stability margin in the 
reproduction method of the present invention. 

Therefore, when information is reproduced using a beam 
of small power while applying a magnetic field in the 
recorded state shown in FIG. 5A (reproduction power is set 
to be a proper value and the magnetic field to be applied is 
set to have a proper strength), recorded information in the 
second magnetic layer 3 at only the spot central portion is 
transferred to the first magnetic layer 2, as shown in FIG. 5B. 
Then, when a change in magnetooptical effect of reflected 
light of the spot at that time is detected, a recording bit 
having a size smaller than the Effraction limit of the beam 
can be reproduced. When the state shown in FIG. SB is 
realized, crosstalk of reproduction signals from neighboring 
tracks and crosstalk from recording bits before and after a 
recording bit of interest upon reproduction can be elimi- 
nated, and a satisfactory reproduction signal can be obtained 
when high-density recording is performed. 

[Experimental Example I] 

An example of the present invention will be described in 
detail below. 

An 80-nm thick dielectric protective film consisting of 
Si 3 N 4 was formed on a polycarbonate substrate having a 
thickness of 1.2 mm and a diameter of 130 mm by a 
sputtering method. A 180-nm thick first magnetic layer 
consisting of Gd^Fe^ (at %) was formed on the protective 
film, and a 40-nm thick second magnetic layer consisting of 
Tb 22 Fe 70 Co 8 (at %) was formed on the first magnetic layer. 
Furthermore, an 80-nm thick dielectric protective film con- 
sisting of Si 3 N 4 was formed on the second magnetic layer, 
thus ending sputtering. Finally, an acrylate-based resin was 
coated using a spinner to form a protective coat layer, thus 
obtaining a magnetooptical recording medium. 

The characteristics and the like of this recording medium 
are as follows: 

Coercive force (H cl ) of first magnetic layer 1,000 Oe 

Curie temperature (T cl ) of first magnetic layer. 245° C. 

Saturation magnetization (M„) of first magnetic layer 
200 emu/cc 

Him thickness (h,) of first magnetic layer 180 nm 
Compensation temperature (Tcompi) of first magnetic 
layer 150° C. 

Coercive force (H^ of second magnetic layer 1 5,000 Oe 
Curie temperature (J^ of second magnetic layer .175° C. 
Saturation magnetization (M^J of second magnetic layer 
35 emu/cc 

Film thickness (hj of second magnetic layer 40 nm 
Interface magnetic wall energy (o w ): 2.0 erg/cm 2 
This magnetooptical reccmding medium was rotated at 
1,800 rpm, and recording was performed using binary 
recording power (Pb: 5 mW, Pa: 12 mW) at a frequency of 
3.7 MHz at a radial position of 35 mm while applying a 
magnetic field of 300 Oe upward. Note that the strength of 
the external magnetic field for magnetizing (initializing) the 
first magnetic layer upward was 2 kOe. 

Thereafter, although it was attempted to reproduce the 
initial signal using a continuous beam of 1 mW, reproduced 
information could not be confirmed. Then, a downward 
magnetic field of 600 Oe was applied while reproducing a 
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recorded signal using a continuous beam of 1 mW. Recorded 
information in the second magnetic layer was transferred to 
the first magnetic layer, and a satisfactory reproduction 
signal having a C/N ratio of 45 dB could be obtained. 

The strength of the downward magnetic field was changed 
while reproducing a recorded signal using a continuous 
beam of 1 mW. Recorded information in the second mag- 
netic layer began to be transferred from about 100 Oe, and 
a reproduction signal having a C/N ratio 47 dB was con- 
firmed when the magnetic field of 150 to 350 Oe was 
applied. When the magnetic field of 500 Oe or higher was 
applied, the C/N ratio was lowered to 45 dB. 

Similarly, the power of the reproduction beam was 
increased from 1 mW while applying a downward magnetic 
field of 200 Oe. Until when the reproduction power was 
increased to 2.5 mW, the C/N ratio was 47 dB. However, 
when the reproduction power was increased to 3 mW, the 
C/N ratio was lowered to 44 dB. 

As can be understood from the above embodiment, after 
information is overwritten on the magnetooptical recording 
medium of the present invention using binary power, when 
a magnetic field is applied in a direction opposite to that of 
the external magnetic field, recorded information in the 
second magnetic layer can be transferred to the first mag- 
netic layer, and can be satisfactorily read out Also, as can be 
understood from the above embodiment, when the magne- 
tization upon reproduction and the reproduction power are 
properly selected, information recorded at high density can 
be reproduced with a high C/N ratio using only the central 
portion (high-temperature portion) of the beam. 

[Second Embodiment] 

In this embodiment, a magnetooptical recording/repro- 
duction method using a three-layered magnetooptical 
recording medium will be described. 

FIG. 7 illustrates the layer structure of the magnetooptical 
recording medium of this embodiment As shown in FIG. 7, 
this recording medium is constituted by laminating, in turn, 
a first magnetic layer 2, a third magnetic layer 4, and a 
second magnetic layer 3 on a substrate 1. A recording/ 
reproduction laser beam is incident from the substrate 1 side. 

Each of the first, second, and third magnetic layers 2, 3, 
and 4 comprises a perpendicular magnetization film con- 
sisting of an amorphous alloy of a rare earth element (Tb, 
Dy, Gd, Nd, Ho, or the like) and an iron-group transition 
element (Fe, Co, Ni, or the like), and an exchange-coupling 
force acts between the first and second magnetic layers 2 and 
3 via the third magnetic layer 4. 

The first to third magnetic layers of this recording 
medium satisfy conditions given by relations (1) and (4) of 
the first embodiment and the following relations (5) to (8). 
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where oj* is the apparent interface magnetic wall energy 
between the first and second magnetic layers when the third 60 
magnetic layer is inserted, and Hi is the strength of the 
external magnetic field. Other parameters are the same as 
those in relations (1) to (4) of the first embodiment. 

Of these relations, relation (8) represents a condition for 
allowing the external magnetic field Hi to magnetize only 65 
the first magnetic layer in one direction. Relations (5) and 
(6) represent conditions for the stable presence of an inter- 


face magnetic wall between the two layers. Relation (7) 
indicates that the interface magnetic wall energy between 
the first and second magnetic layers decreases from a w to 
a w * upon insertion of the third magnetic layer. 

As the substrate 1, glass, a glass member with a guide 
track consisting of an ultraviolet setting resin, polycarbon- 
ate, poly methyl methacrylate, an epoxy-based resin, and the 
like can be used. 

In addition to the layer structure shown in FIG. 7, pro- 
tective layers 6, 7 neighboring the magnetic layers, a reflec- 
tive layer 8, a guide track layer 5, and the like may be 
formed, as shown in FIG. 8. Furthermore, a fourth magnetic 
layer for adding another function may be formed. Moreover, 
two media each having the above-mentioned structure may 
adhere to each other to constitute a double-sided recordable 
medium. 

The recording/rep roduction method using the magnetoop- 
tical recording medium with the above-mentioned structure 
will be described below. A recording process will be 
explained with reference to the state transition chart shown 
in FIG. 9. 

In this case, assume a case wherein the sublattice mag- 
netization of the rare earth element is dominant in both the 
first and second magnetic layers. Under this condition, when 
the magnetic moments of the two layers are parallel to each 
other, no interface magnetic wall is formed. 

Furthermore, also assume a case wherein the sublattice 
magnetization of the rare earth element is dominant in the 
third magnetic layer. The third magnetic layer has a larger 
saturation magnetization and a smaller coercive force than 
those of the remaining two layers. 

Prior to magnetooptical recording, an external magnetic 
field Hi of 200 to 5,000 Oe is applied to align the magnetic 
moment of the first magnetic layer 2 in one direction 
(initialization; upward in this case). When the strength of the 
magnetic field Hi required for initialization is smaller than, 
e.g., 500 Oe, a recording magnetic field Hb may be com- 
monly used in place of the external magnetic field Hi. 

Then, laser power is changed between binary levels in 
correspondence with a recording signal while applying the 
recording magnetic field Hb of about 50 to 500 Oe in the 
same direction (upward) as the external magnetic field, thus 
achieving recording. 

States (a) and (f) in FIG. 9 correspond to states after or 
before recording. 

When a laser beam of a low level P B is irradiates the 
recording medium at room temperature (L process), the 
temperature of only a magnetic layer portion corresponding 
to the high-temperature portion of the laser spot rises to a 
temperature equal to or higher than T c2 , and the magnetic 
moment of the second magnetic layer 3 disappears, as shown 
in the state (b) of FIG. 9. When the laser spot moves and the 
temperature of the magnetic layer portion falls to room 
temperature, the magnetic layer portion has the state (a). 

When a laser beam of a high level ? A irradiates the 
medium (H process), the temperature of only a magnetic 
layer portion corresponding to the high-temperature portion 
of the laser spot rises to a temperature equal to or higher than 
the compensation temperature T co/npl , and the sublattice 
magnetization of the transition metal becomes dominant in 
the first magnetic layer 2. As a result, the magnetic moment 
of the first magnetic layer 2 is reversed (state (c)). In this 
state, the direction of magnetization of the first magnetic 
layer 2 is reversed by the recording bias magnetic field Hb, 
as shown in a state (d). 

When the laser spot moves and the temperature of the 
magnetic layer portion falls to a temperature equal to or 
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lower than the compensation temperature T compl of the first 
magnetic layer 2, the sublattice magnetization of the rare 
earth element becomes dominant again in the first magnetic 
layer 2, and the magnetic moment of the first magnetic layer 
2 is reversed (state (e)). 

When the temperature further falls to a temperature equal 
to or lower than the Curie temperature of the second 
magnetic layer, magnetization appears in the second mag- 
netic layer in the same direction as that of the sublattice 
magnetization of the first magnetic layer (so as not to form 
an interface magnetic wall) via the third magnetic layer 
which is similarly oriented. When the magnetooptical 
recording medium is further rotated and the magnetic layer 
portion passes the external magnetic field Hi, the direction 
of magnetization of the first magnetic layer is aligned in the 
upward direction, as shown in a state (0 of FIG. 9. 

FIG. 10 is a state transition chart of the similar recording 
process when the sublattice magnetization of the rare earth 
element in the third magnetic layer is still larger, and the 
third magnetic layer has in-plane magnetic anisotropy at 
room temperature. 

Another example of the recording process will be 
described below. 

Assume a case wherein the sublattice magnetization of the 
rare earth element is dominant in the first and third magnetic 
layers, and the sublattice magnetization of the transition 
metal is dominant in the second magnetic layer. In this case, 
when the magnetic moments of the first and second mag- 
netic layers are anti-parallel to each other, no interface 
magnetic wall is formed between the two layers. 

Hie recording process is the same as that shown in FIG. 
9, and its state transition chart is as shown in FIG. 11. 

With the above-mentioned recording method, a recording 
bit having a size equal to or smaller than the diffraction limit 
of the laser beam can be formed by an overwrite method. 

A reproduction process will be described below with 
reference to the state transition charts shown in FIGS. 12A 
and 12B. 

Upon completion of recording, all recorded portions in 
the first magnetic layer, which have passed the external 
magnetic field Hi, have upward magnetization, as shown in 
FIG. 12A, and recorded information in the second magnetic 
layer cannot be confirmed even by irradiating a reproduction 
beam. Thus, upon irradiation by the reproduction beam, the 
direction of the recording magnetic field Hb is reversed to 
the downward direction, and the strength of the magnetic 
field Hb is set to satisfy the following condition; 


rise of a portion around the spot is small. When the power 
of the reproduction beam is gradually increased to increase 
the temperature t in the above relation, if t is equal to room 
temperature, (H irl (t>-o 1(f *(t)/(2M, l (t>h J )} equals {H el - 

5 a w */(2M, I h,)} ) and its value represents a margin for the 
stable presence of a magnetic wall. This value is a positive 
value (e.g., 200 to 500 Oe). For tins reason, when Hb is set 
to be slightly smaller than the value {H CI -a w */(2M,,-h 1 )} at 
room temperature, if the temperature rises and the value 

10 {(H CI (tHj H ,*(t)/(2M J1 (t).h 1 )} decreases even slightly, the 
following condition is satisfied: 


where H cl (t), o~ r * (t) f and M„(t) respectively represent the 50 
coercive force, interface magnetic wall energy, and satura- 
tion magnetization of the first magnetic layer at a tempera- 
ture L 

Under the following condition in this relation: 


the magnetic moment of the first magnetic layer will not be 
reversed by only a magnetic field applied in reproduction. 
Furthermore, under the following condition: 


the following fact is indicated: 

With the reproduction beam, the central portion of the 
beam spot has the highest temperature, and the temperature 


15 As a result, the magnetic moment of the first magnetic layer 
is reversed by the applied magnetic field Hb, and recorded 
information in the second magnetic layer can be transferred 
to the first magnetic layer. 
FIG. 13 shows the measurement results of the value 

20 {H ri (0^ w ^t)/(2M rt (t)-h,)} obtained by changing the tem- 
perature t 

A measurement sample with the following arrangement 
was used. That is, a 1,800- A thick Gd 25 Fe 75 film (at %: 
sublattice magnetization=Gd dominant, the coercive force 
25 H cl = 1,000 Oe, the compensation temperature^ 50° C, and 
the Curie temperature=245° C.) was formed as the first 
magnetic layer on a slide glass substrate. Then, a 200-A 
thick Gd 32 Fe C8 film (at %: sublattice magnetization=Gd 
dominant, the coercive force=100 Oe, the Curie tempera- 
30 ture=190° C, and the layer exhibited in-plane anisotropy at 
room temperature) was formed as the third magnetic layer 
on the first magnetic layer. Furthermore, a 400-A thick 
Tb 22 Fe 70 Co 8 film (at %: sublattice magnetization=FeCo 
dominant, the coercive force H c2 = 15,000 Oe, and the Curie 
35 temperature=175° C.) was formed as the second magnetic 
layer on the third magnetic layer. Finally, a 800-A thick 
Si 3 N 4 film was formed as a protective film. 
The measurement method is as follows. 
The sample was set in a VSM (vibrating sample type 
40 magnetometer) with a variable measurement temperature, 
and a magnetic field of IS kOe or higher was applied to 
magnetize the TbFeCo film (corresponding to the second 
magnetic layer) upward. Then, a magnetic field having a 
strength of about 3 kOe which did not reverse the direction 
45 of magnetization of the TbFeCo film was applied while 
changing its polarity so as to magnetize the GdFe film 
(corresponding to the first magnetic layer) upward (to form 
an interface magnetic wall). Thereafter, the strength of the 
magnetic field which could reverse the direction' of magne- 
tization of the GdFe film was checked while applying a 
downward magnetic field. More specifically, the value cor- 
responding to {H c ,(t)-HO- w *(t)/(2M J1 (t).h l )} was measured. 

FIG. 13 shows the measurement results obtained while 
changing the temperature. 
55 As can be seen from the results shown in FIG. 13, a 
margin, i.e M {H ffl (t)-a w *(ty(2M, 1 (t)-h 1 )} 1 which is about 
600 Oe at room temperature decreases to about 100 Oe at 
90° C. to 110° C. 
For this reason, when the temperature of the magnetic 
60 layer portion at the central portion of the beam spot of the 
reproduction laser beam rises to 90° C. to 110° C, and the 
temperature of a portion around the spot is, e.g., 70° C. or 
less, if the strength of the downward magnetic field to be 
applied is set to be, e.g., 200 Oe, the magnetization of the 
65 second magnetic layer (TbFeCo film) at only the central 
portion of the reproduction beam can be transferred and read 
out. 
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FIG. 12A shows a case wherein information is reproduced 
using a beam of small power after the first magnetic layer is 
magnetized upward in the above-mentioned reproduction 
process. FIG. 12B shows a case wherein the reproduction 
power and the magnetic field to be applied are properly 5 
selected. In FIG. I2B, recorded information in the second 
magnetic layer at only the central portion of the spot is 
transferred to the first magnetic layer. In this case, crosstalk 
of reproduction signals from neighboring tracks and 
crosstalk from recording bits before and after a recording bit 10 
of interest upon reproduction can be eliminated, and a 
satisfactory reproduction signal is expected to be obtainable 
even when high-density recording is performed 

[Experimental Example 2] 

An 80-nm thick dielectric protective film consisting of 15 
Si 3 N 4 was formed on a polycarbonate substrate having a 
thickness of 1.2 mm and a diameter of 130 mm by a 
sputtering method, and a 1 80-nm thick first magnetic layer 
consisting of Gd^Fe^ (at %) was formed on the protective 
film. Furthermore, a 10-nm thick third magnetic layer con- 20 
sisting of Gd^oTb^Cogs (at %) was formed on the first 
magnetic layer. 

Then, a 35 -nm thick second magnetic layer consisting of 
Tb^Fe^CojoC^ (at %) was formed on the third magnetic 
layer. Furthermore, an 80-nm thick dielectric protective film 25 
consisting of Si 3 N 4 was formed on the second magnetic 
layer, thus ending sputtering. Finally, an acrylate-based resin 
was coated using a spinner to form a protective coat 

The sample disk medium was rotated at 1,800 rpm, and 
recording was performed using binary recording power (P B : 30 
5 mW, V A : 12 mW) at a frequency of 8.0 MHz at a radial 
position of 35 mm while applying an upward magnetic field 
of 300 Oe. Note that the strength of the external magnetic 
field for magnetizing (initializing) the first magnetic layer 
upward was 2 kOe. 35 

Thereafter, it was attempted to reproduce the recorded 
signal using a continuous beam of 1 mW. However, no 
reproduced signal could be confirmed. Then, a downward 
magnetic field of 600 Oe was applied while reproducing a 
recorded signal using a continuous beam of I mW. Recorded 40 
information in the second magnetic layer was transferred to 
the first magnetic layer, and a satisfactory reproduction 
signal having a C/N ratio of 40 dB could be obtained. 

The strength of the downward magnetic field was changed 
while reproducing a recorded signal using a continuous 45 
beam of 1 mW. Recorded information in the second mag- 
netic layer began to be transferred from about 100 Oe, and 
a reproduced signal having a C/N ratio 45 dB was confirmed 
when the magnetic field of 150 to 350 Oe was applied. When 
a magnetic field of 500 Oe or higher was applied, the C/N 50 
ratio was lowered to 40 dB. 

Similarly, the power of the reproduction beam was 
increased from 1 raW while applying a downward magnetic 
field of 200 Oe. Until when the reproduction power was 
increased to 2.5 raW, the C/N ratio was 46 dB. However, 55 
when the reproduction power was increased to 3 mW, the 
C/N ratio was lowered to 42 dB. 

[Third Embodiment] 

FIG. 14 is a schematic sectional view showing the layer 
structure of a magnetooptical recording medium used in the 60 
present invention. Referring to FIG. 14, first and second 
magnetic layers 12 and 13 are laminated on a substrate 11, 
and a recording/reproduction laser is incident from the 
substrate 11 side. 

Each of the first and second magnetic layers 12 and 13 65 
comprises a perpendicular magnetic film consisting of an 
amorphous alloy of a rare earth element (Tb, Dy, Gd, Nd, 
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Ho, or the like) and an iron-group transition metal (Fe, Co, 
N T i, or the like), and an exchange-coupling force acts 
between the two layers 12 and 13. 

Note that the first magnetic layer 12 is an in-plane 
magnetic film at room temperature, and becomes a perpen- 
dicular magnetic film when the temperature rises. 

The first and second magnetic layers satisfy relations (1) 
to (4) in the first embodiment 

As the substrate 11, glass, a glass member with a guide 
track consisting of an ultraviolet setting resin, polycarbon- 
ate, polymethyl methacrylate, an epoxy-based resin, and the 
like can be used. 

In addition to the layer structure shown in FIG. 14, 
protective layers 16, 17 formed adjacent to the magnetic 
layers, a reflective layer 18, a guide track layer 15, and the 
like may be formed, as shown in FIG. 15. Further, an 
intermediate layer may be formed between the first and 
second magnetic layers so as to adjust the exchange-cou- 
pling force. Furthermore, two media each having the above- 
mentioned structure may be adhered to each other to con- 
stitute a double-sided recordable medium. 

The recording/reproduction method using the magnetoop- 
tical recording medium with the above-mentioned structure 
will be described below. The recording process will be 
described below with reference to the state transition chart 
shown in FIG. 16. 

Assume a case wherein the sublattice magnetization of the 
rare earth element is dominant in the first magnetic layer, 
and the sublattice magnetization of the transition metal is 
dominant in the second magnetic layer. In this case, when 
the magnetic moments of the two layers are anti-parallel to 
each other, no interface magnetic wall is formed between the 
two layers. 

Recording is performed by changing the laser power 
between binary levels in correspondence with a recording 
signal while applying a recording magnetic field Hb of about 
50 to 500 Oe in the same direction (upward) as that of an 
external magnetic field. 

States (a) and (0 of FIG. 16 correspond to states after or 
before recording. 

When a laser beam of a low level P s irradiates the 
recording medium at room temperature (L process), the 
temperature of only a magnetic layer portion corresponding 
to the high-temperature portion of the laser spot rises to a 
temperature equal to or higher than the Curie temperature 
1^2 of the second magnetic layer, and the magnetic moment 
of the second magnetic layer 13 disappears, as shown in the 
state (b) of FIG. 16. At this time, the magnetization of the 
first magnetic layer 12 is perpendicular magnetization, and 
is aligned in the direction of the recording magnetic field Hb. 

When the laser spot moves and the temperature of the 
magnetic layer portion falls to room temperature, magneti- 
zation appears in the second magnetic layer 13 (downward 
magnetization) not to form an interface magnetic wall with 
the first magnetic layer 12, as shown in the state (a). 

When a laser beam of a high level irradiates the 
recording medium at room temperature (H process), the 
temperature of only a magnetic layer portion corresponding 
to the high-temperature portion of the laser spot rises to a 
temperature equal to or higher than the compensation tem- 
perature T cantp i of the first magnetic layer, the sublattice 
magnetization of the transition metal becomes dominant in 
the first magnetic layer 12 in the state of the perpendicular 
magnetic film, and the magnetic moment of the first mag- 
netic layer 12 is reversed (state (c)). In this state, the 
direction of magnetization of the first magnetic layer is 
reversed by the recording bias magnetic field Hb, as shown 
in a state (d) of FIG. 16. 
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When the laser spot moves and the temperature of the 
magnetic layer portion falls to a temperature equal to or 
lower than the compensation temperature T C£OTVl of the first 
magnetic layer 12, the sublattice magnetization of the rare 
earth element becomes dominant again in the first magnetic s 
layer 12, and the magnetic moment of the first magnetic 
layer 12 is reversed (state (e)). 

When the temperature further falls to a temperature equal 
to or lower than the Curie temperature of the second 
magnetic layer, magnetization appears in the second mag- 10 
netic layer in the same direction as that of the sublattice 
magnetization of the first magnetic layer (so as not to farm 
an interface magnetic wall). When the temperature further 
falls to a temperature near room temperature, the magneti- 
zation of the first magnetic layer is aligned in the in-plane 15 
direction, as shown in a state (f) of FIG. 16. 

The state transition chart of FIG. 18 shows another 
recording process. 

Assume a case wherein the sublattice magnetization of the 
rare earth element is dominant in the first magnetic layer, 20 
and the sublattice magnetization of the rare earth element is 
also dominant in the second magnetic layer. In this case, 
when the magnetic moments of the first and second mag- 
netic layers are parallel to each other, no interface magnetic 
wall is formed between the two layers. 25 

With the above-mentioned recording method, a recording 
bit having a size equal to or smaller than the diffraction limit 
of the laser beam can be formed by an overwrite method. 

A reproduction process will be described below with 
reference to the state transition charts shown in FIGS, 17A 30 
and 17B. 

Upon completion of recording, the directions of magne- 
tization of all recorded portions in the first magnetic layer 
are aligned in the in-plane direction, as shown in FIG. 17A, 
Upon irradiation by a reproduction beam, the central portion 35 
of the beam spot has the highest temperature, and a portion 
around the spot has a small temperature rise. 

At the portion around the spot, a bit formed in the second 
magnetic layer cannot be seen since the magnetization of the 
first magnetic layer is the in-plane magnetizatioa However, 40 
at the central portion of the spot, the magnetization of the 
first magnetic layer becomes perpendicular magnetization, a 
bit formed in the second magnetic layer is transferred to the 
first magnetic layer by exchange coupling so as not to form 
an interface magnetic wall between the first and second 45 
magnetic layers, and the transferred bit can be confirmed. 

FIG. 17A shows a case wherein information is reproduced 
using a beam of small power in the reproduction process. 
FIG. 17B shows a case wherein both the reproduction power 
and the magnetic field to be applied are properly selected. In 50 
FIG. 17B, recorded information in the second magnetic 
layer at only the central portion of the spot is transferred to 
the first magnetic layer. With this reproduction method, 
crosstalk of reproduction signals from neighboring tracks 
and crosstalk from recording bits before and after a record- 55 
ing bit of interest upon reproduction can be eliminated, and 
a satisfactory reproduction signal is expected to be obtain- 
able even when high-density recording is performed. 

FIG. 19 shows a change in rectangularity ratio (residual 
magnetization/saturation magnetization) in the perpendicu- 60 
lar direction of the first magnetic layer obtained when a 
temperature t is changed. A measurement sample has the 
following arrangement. 

As the measurement sample, a sample prepared as follows 
was used. That is, a 1 ,800-A thick Gd 29 Fe 51 Co 20 film (at %: 65 
sublattice magnetizau"on=Gd dominant, the coercive force 
H cl =100 Oe, the compensation temperature=170° G, and 
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the Curie temperature=265° C.) was formed on a slide glass 
substrate, and an 800-A thick Si 3 N 4 film as a protective film 
was formed thereon. 

The measurement is performed as follows. 

The sample is set in a VSM (vibrating sample type 
magnetometer) with a variable measurement temperature, 
and a magnetic field of IS kOe or higher is applied to 
magnetize the GdFeCo film (corresponding to the first 
magnetic layer) upward. In this state, the saturation magne- 
tization is measured. Then, the applied magnetic field is set 
to be zero, and the residual magnetization is measured. Hie 
ratio of the residual magnetization/the saturation magneti- 
zation is the rectangularity ratio. 

FIG. 19 shows the results of the above-mentioned mea- 
surement obtained while changing the temperature. 

As can be seen from this graph, the rectangularity ratio 
which is almost zero at room temperature (no magnetization 
remains in the perpendicular direction in the first magnetic 
layer) becomes almost 1 at 90° C. to 110° C, and the first 
magnetic layer becomes a perpendicular magnetic film. 

For this reason, when the temperature of the magnetic 
layer portion at the central portion of the beam spot of the 
reproduction laser beam rises to 90° C to 110° C, and the 
temperature of a portion around the spot is, e.g., 70° C. or 
less, the magnetization of the second magnetic layer at only 
the central portion of the reproduction beam can be trans- 
ferred and read out. 

[Text Example 3] 

An 80-nm thick dielectric protective film consisting of 
Si 3 N 4 was formed by a sputtering method on a polycarbon- 
ate substrate having a thickness of 1.2 mm and a diameter of 
130 mm, a 1 80-nm thick first magnetic layer consisting of 
Gd^FejtCojo (at %) was formed on the protective film, and 
a 40-nm thick second magnetic layer consisting of 
Tb^FcroCog (at %) was formed on the first magnetic layer. 
Furthermore, an 80-nm thick dielectric protective film con- 
sisting of Si 3 N 4 was formed on the second magnetic layer, 
thus ending sputtering. Finally, an acrylate-based resin was 
coated using a spinner to form a protective coat. 

The sample disk medium was rotated at 1,800 rpm, and 
recording was performed using binary recording power (P B : 
5 mW, ? A : 12 mW) at a frequency of 3.7 MHz at a radial 
position of 35 mm while applying a magnetic field of 400 Oe 
upward. 

Thereafter, it was attempted to reproduce the recorded 
signal using a continuous beam of 1 mW. However, no 
reproduced signal could be confirmed. 

Then, a magnetic field whose strength was gradually 
changed was applied downward while reproducing a 
recorded signal using a continuous beam of 1 mW. Recorded 
information in the second magnetic layer began to be 
transferred from about 100 Oe, and a reproduced signal 
having a C/N ratio of 47 dB could be confirmed using a 
magnetic field of 150 to 350 Oe. When the strength of the 
magnetic field was further increased, the C/N ratio was 
lowered to 45 dB at 500 Oe or higher. 

Similarly, the power of the reproduction beam was 
increased from 1 mW while applying a magnetic field of 200 
Oe downward. Until when the reproduction power was 
increased to 2.5 mW, the C/N ratio was 47 dB. However, 
when the reproduction power was increased to 3 mW, the 
C/N ratio was lowered to 44 dB. 

Thereafter, when the power of the reproduction beam was 
increased from 1 mW without applying any magnetic field, 
the C/N ratio became large, i.e., the C/N ratio was 42 dB at 
reproduction power of 2 mW and was 47 dB at power of 2.5 
mW to 3.5 mW. When the reproduction power exceeded 3.5 
mW, the C/N ratio was lowered. 
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[Fourth Embodiment] 

FIG. 20 is a schematic sectional view showing an example 
of a magnetooptical recording medium according to the 
present invention. In this example, first and second magnetic 
layers 22 and 23 are laminated in turn on a substrate 21. A 
laser beam for recording and reproduction is incident from 
the substrate 21 side. 

Each of the first and second magnetic layers 22 and 23 
comprises a perpendicular magnetic film consisting of an 
amorphous alloy of a rare earth element such as Tb, Dy, Gd, 
Nd, Ho, or the like and an iron-group transition metal 
element such as Fe, Co, Ni, or the like, and an exchange- 
coupling force acts between these two layers. 

As the material of the substrate 21, known materials such 
as glass, a glass member with a guide track consisting of an 
ultraviolet setting resin, polycarbonate, polymethyl meth- 
acrylate, an epoxy-based resin, and the like can be used 
without any limitations. 

FIG. 21 is a schematic sectional view showing another 
example of the magnetooptical recording medium according 
to the present invention. In this example, a guide track layer 
24, a protective layer 25, first and second magnetic layers 22 
and 23, another protective layer 25, and a reflective layer 26 
are laminated in turn on a substrate 21. Furthermore, an 
intermediate layer having an exchange-coupling adjustment 
function may be formed between the first and second 
magnetic layers. Furthermore, a third magnetic layer which 
has a function of enhancing the magnetooptical effect upon 
reproduction and has a high Curie temperature may be 
provided on the side of the substrate 21 to be exchange- 
coupled to the first magnetic layer 22. Moreover, a fourth 
magnetic layer which has a low coercive force and a low 
Curie temperature may be formed on the side opposite to the 
substrate to be exchange-coupled to the second magnetic 
layer, so as to provide a function of reducing the initializing 
magnetic field upon recording. In addition, two media each 
having the above-mentioned structure may be adhered to 
each other to constitute a double-sided recordable recording 
medium 

As the material of the guide track layer 24, a polymethyl 
methacrylate-based ultraviolet setting resin can be used. 

As the material of the protective layer 25, nitrides, oxides, 
carbides, and the like of organic materials such as SiN, A1N, 
SiC, SiO, Ta^Os, and the like can be used. 

As the material of the reflective layer 26, metals such as 
Al, Au, Pt, and the like can be used. 

FIG. 22 is a state transition chart showing an example of 
a magnetooptica] recording method according to the present 
invention. In this example, assume that the sublattice mag- 
netization of the rare earth element is dominant in both the 
first and second magnetic layers 22 and 23. In this case, 
when the magnetic moments of the two layers are parallel to 
each other, no interface magnetic wall is formed between the 
two layers. 

Prior to magnetooptical recording, an external magnetic 
field Hi of 200 to 5,000 Oe is applied to align the magnetic 
moment of the first magnetic layer 22 in one direction 
(upward in FIG. 22), thus performing so-called initializa- 
tion, as shown in a state (a) of FIG. 22. When the strength 
of the magnetic held Hi required for initialization is smaller 
than, e.g., 500 Oe, a recording magnetic field Hb may be 
commonly used in place of the external magnetic field Hi. 

Then, a laser beam output whose power is changed 
between binary levels in correspondence with a recording 
signal irradiates the medium while applying the recording 
magnetic field Hb of about 50 to 500 Oe in the same 
direction (upward) as the external magnetic . field, thus 
achieving recording as follows. 


When a laser beam of a low level Pb irradiates the 
medium (to be referred to as an L process hereinafter), the 
temperature of only a magnetic layer portion corresponding 
to the high-temperature portion of a laser spot rises to a 

5 temperature equal to or higher than the Curie temperature 
of the second magnetic layer 23, and the magnetic 
moment of the second magnetic layer 23 disappears, as 
shown in a state (b) of FIG. 22. When the laser spot moves 
and the temperature of the magnetic layer falls to room 

10 temperature, the state (a) of FIG. 22 is restored. 

On the other hand, when a laser beam of a high level Pa 
irradiates the medium (to be referred to as an H process 
hereinafter), the temperature of only a magnetic layer por- 
tion corresponding to the high-temperature portion of the 

15 laser spot rises to a temperature equal to or higher than the 
compensation temperature T^,^, of the first magnetic layer, 
and the sublattice magnetization of the transition metal 
element becomes dominant in the first magnetic layer 22. As 
a result, the direction of the magnetic moment of the first - 

20 magnetic layer 22 is reversed, as shown in a state (c) of FIG. 

22. At this time, the direction of magnetization of the first 
magnetic layer 22 is reversed by the recording bias magnetic 
field Hb, as shown in a state (d) of FIG. 22. When the laser 
spot moves and the temperature of the corresponding portion 

25 falls to a temperature equal to or lower than the compensa- 
tion temperature T^^j of the first magnetic layer 22, the 
sublattice magnetization of the rare earth element becomes 
dominant again in the first magnetic layer 22, and the 
direction of the magnetic moment is reversed, as shown in 

30 a state (e) in FIG. 22. When the temperature of the magnetic 
layer portion further falls to a temperature equal to or lower 
than the Curie temperature T c2 of the second magnetic layer 

23, magnetization appears in the second magnetic layer 23 
in the same direction as that of the sublattice magnetization 

35 of the first magnetic layer (so as not to form an interface 
magnetic wall), as shown in a state (e 1 ) of FIG. 22. When the 
magnetooptical recording medium is rotated and the mag- 
netic layer portion passes the external magnetic field Hi, the 
direction of magnetization of the first magnetic layer 22 is 

40 aligned in the upward direction, as shown in a state (f) of 
FIG. 22. 

FIG. 23 is a state transition chart showing another 
example of the magnetooptical recording method according 
to the present invention. In this method, substantially the 

45 same recording operation as that shown in FIG. 22 is 
performed, except that a magnetooptical recording medium 
in which the sublattice magnetization of the rare earth 
element is dominant in the first magnetic layer 22 and the 
sublattice magnetization of the transition metal element is 

50 dominant in the second magnetic layer 23 is used. In this 
case, when the magnetic moments of the two layers are 
anti-parallel to each other, no interface magnetic wall is 
formed between the two layers. 
In the recording method shown in FIG. 23, states in a 

55 process wherein the temperature of the magnetic layer 
returns from the Curie temperature of the second mag- 
netic layer to room temperature in the H process are different 
from those shown in HG. 22, as shown in states (e) to (f). 
This is because the sublattice magnetization of the rare earth 

60 element is dominant in the first magnetic layer 22 and the 
sublattice magnetization of the transition metal is dominant 
in the second magnetic layer 23, as described above. There- 
fore, in a portion recorded in the H process, the magnetic 
moments of the two magnetic layers are parallel to each 

65 other (in the upward direction in this case), and an interface 
magnetic wall is formed between the two layers, as shown 
in a state (0 of FIG. 23. 
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With the above-mentioned recording method, according 
to the present invention, a recording bit having a size equal 
to or smaller than the diffraction limit of the laser beam can 
be formed by an overwrite method. 

FIGS. 24A and 24B are schematic views showing the 5 
states of magnetic moments when information is reproduced 
by transferring information recorded in the second magnetic 
layer 23 to the first magnetic layer 22 in the state (f) of FIG. 
23. Upon completion of a series of recording processes 
shown in FIG. 23, the magnetic moments of all the recorded 10 
portions in the first magnetic layer 22 are aligned in the 
upward direction, and it is difficult to reproduce recorded 
information in the second magnetic layer 23 even by irra- 
diating the medium with a reproduction beam. Thus, upon 
irradiation the medium with the reproduction beam, the 15 
recording magnetic field Hb in FIG. 23 is reversed to the 
downward direction, and the strength of the magnetic field 
is set to satisfy a condition H^-aJlMJil^Hb >H eI (t)- 
o H Xt)/2Msl(t)hl. Note that Hcl(t), crw(t), and M, ? (t) are 
respectively the coercive force, interface magnetic wall 20 
energy, and saturation magnetization of the first magnetic 
layer 22 at a temperature I 

Of the conditions of the magnetic field Hb given by the 
above relation, a condition H cl -<y H /2M^il x >Hb defines a 
condition for preventing the magnetic moment of the first 25 
magnetic layer from being reversed by only the magnetic 
field applied upon reproductioa 

Of the conditions of the magnetic field Hb given by the 
above relation, a condition Hb>H cl (t)-0 w (t)/2M J1 (t)h 1 
defines the following condition. More specifically, upon 30 
irradiation of the medium with a laser beam, the central 
portion of the beam spot has the highest temperature, and the 
temperature rise of a portion around the spot is small. 
Assume a case wherein the laser beam output upon repro- 
duction is gradually increased (i.e., the temperature t in the 35 
above relation is increased). 

If t is equal to room temperature, H^O-aJO^M^Ohi 
equals H cl -a„/2M J hl l , and this value is a margin for the 
stable presence of a magnetic wall Inis value is a positive 
value (e.g. f 200 to 500 Oe). 40 

For this reason, when the value Hb is set to be slightly 
smaller than the value of the margin, i.e., H cl -a v /2M jl (t)h l , 
if the temperature rises and the value H^O-^O^M^Ohj 
decreases even slightly, Hb^^O^JO^M^Oh! is satis- 
fied. As a result, the magnetic moment of the first magnetic 45 
layer is reversed by the applied magnetic field Hb, and 
recorded information in the second magnetic layer can be 
transferred to the first magnetic layer. 

When the value of the term of the margin for the stable 
presence of a magnetic wall, i.e., H^O-^JO^M^Oh,, is 50 
relatively large at room temperature and changes largely 
along with the temperature rise, if the strength of a repro- 
duction magnetic field and the laser beam output are prop- 
erly selected, information recorded in the second magnetic 
layer is transferred to the first magnetic layer at only the 55 
central portion of the beam spot where the temperature 
increases upon reproduction, and reproduction with a super 
resolution can be realized. 

FIG. 25 is a graph showing the measurement results of the 
value HrfCO-aJO/lM^Oh! at respective temperatures. A 60 
method of measuring H^O-o^O^^Ohj will be 
described below. 

A measurement sample was prepared as follows. An 
80-nm thick Gd^Dy^Fe^Co^ film (at %: sublattice mag- 
netization=GdDy dominant, the coercive force H cl (room 65 
temperature)=l ,000 Oe, the compensation temperature^ 
160° C, and the Curie temperature=230° C.) was sputtered 
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on a slide glass substrate. A 30- run thick Dy 22 Fe 70 Co 8 film 
(at %: sublattice magnetizatiorrfeCo dominant, the coer- 
cive force H^ (room temperature) =12,000 Oe, and the 
Curie temperature=180° C.) was then sputtered. Finally, an 
80-nm thick SijN^ film was laminated as a protective film. 

In the measurement method, the sample was set in a VSM 
(vibrating sample type magnetometer) with a variable mea- 
surement temperature, and a magnetic field of 20 kOe or 
higher was applied to magnetize the DyFeCo film (corre- 
sponding to the second magnetic layer) upward. Then, a 
magnetic field having a strength of about 3 kOe which did 
not reverse the direction of magnetization of the DyFeCo 
film was applied while changing its polarity so as to mag- 
netize the GdDyFeCo film (corresponding to the first mag- 
netic layer) upward Thereafter, the strength of the magnetic 
field which could reverse the direction of magnetization of 
the GdDyFeCo film, i.e„ the value ^,(0^,(0/2^(0^, 
was checked while applying a magnetic field downward. 
FIG. 25 is a graph showing the measurement results 
obtained while changing the temperature. 

As can be understood from the results shown in FIG. 25, 
the margin (H cl (t)-a w (t)/2M ll (0hj) which is about 500 Oe 
at room temperature decreases to about 150 Oe at 90° C. to 
110° C. For this reason, when the temperature of the 
magnetic layer portion at the spot central portion of the laser 
beam rises to 90° C. to 110° C, and the temperature of a 
portion around the spot is, e.g., 70° C. or less, if the strength 
of the downward magnetic field to be applied is set to be, 
e.g., 200 Oe, the magnetization of the second magnetic layer 
(DyFeCo film) at only the central portion of the reproduction 
beam can be transferred to the first magnetic layer (GdDy- 
FeCo film) and can be read ouL In other words, FIG. 25 
shows the temperature dependence of the margin for the 
stable presence of an interface magnetic wall between the 
two magnetic layers. 

Therefore, when information is reproduced while prop- 
erly selecting the laser beam output and the magnetic field 
to be applied in the recording state shown in FIG. 24A, 
recorded information in the second magnetic layer 23 at only 
the spot central portion is transferred to the first magnetic 
layer 22, as shown in FIG. 24B. When the state shown in 
FIG. 24B is realized, crosstalk of reproduction signals from 
neighboring tracks and crosstalk from recording pits before 
and after a recording pit of interest upon reproduction can be 
eliminated, and a satisfactory reproduction signal can be 
obtained when high-density recording is performed. 

In this manner, when a change in magnetic characteristics 
of the recording film due to a change in temperature is 
measured in detail to accurately determine the temperature 
distribution in the reproduction spot, the recorded informa- 
tion reproduction method of the present invention can be 
realized. However, for example, this method cannot cope 
with a case wherein the inner temperature of a recording/ 
reproduction apparatus changes or the medium linear veloc- 
ity upon reproduction changes depending on a use area (i.e., 
an inner or outer peripheral portion of the disk) of the 
magnetooptical recording medium. Thus, a method of solv- 
ing this problem will be described in detail below using an 
experimental example. 

[Experimental Example 4] 

A 60- nm thick dielectric protective film consisting of 
Si 3 N 4 was formed by a sputtering method on a polycarbon- 
ate substrate having a thickness of 1 .2 mm and a diameter of 
1 30 mm. Then, a 50-nm thick first magnetic layer consisting 
of Gd 20 Tb 5 Fe 70 Co s (at %) and a 20-nm thick second mag- 
netic layer consisting of Dy^Tb^ejoCog (at %) were 
formed in turn on the protective film. Furthermore, a 40-nm 
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thick AJ heat sink layer was formed on the second magnetic 
layer, and a 60-nm thick dielectric protective film consisting 
of Si 3 N 4 was formed on the heat sink layer, thus ending 
sputtering. Finally, an acrylate-based resin was coated as a 
protective layer using a spinner, thus obtaining a magne- 5 
tooptical recording medium. 

The characteristics of the recording medium prepared as 
described above are as follows: 
Coercive force (H cl ) of first magnetic layer 500 Oe 
Curie temperature CT cl ) of first magnetic layer. 230° C. 10 
Saturation magnetization (M xi ) of first magnetic layer 
220 emu/cc 

Film thickness (hj) of first magnetic layer 50 nm 
Compensation temperature (T C07TVl ) of first magnetic 

layer 1 80° C 15 
Coercive force (H^ of second magnetic layer: 15,000 Oe 
Curie temperature (T^) of second magnetic layer 1 60° C. 
Saturation magnetization (MJ of second magnetic layer: 

40 emu/cc 

Film thickness (hj of second magnetic layer 20 nm 20 

Interface magnetic wall energy (a w ): 2.2 erg/cm 2 

This magnetooptical recording medium was rotated at 
1,800 rpm, and as preliminary recording for optimizing the 
reproduction conditions, recording was performed at a radial 
position of 35 mm using binary laser beam outputs (Pb: 5 25 
mW, Pa: 12 mW) while applying a magnetic field of 200 Oe 
upward. Note that the wavelength of a semiconductor laser 
was 780 nm. Note that the strength of the external magnetic 
field for magnetizing (initializing) the first magnetic layer 
upward was 2 kOe. The frequency of the recording signal 30 
was changed from 1.8 MHz to 7.4 MHz. 

The recorded signal was reproduced while changing the 
output of the reproduction beam from 1 raW to 3 mW. 

At this time, the reproduction beam output was set to be 
constant, and a magnetic field was applied downward while 35 
its strength was changed from 0 to 500 Oe. The inner 
temperature of the apparatus at that time was 40.5° C 

When the strength of the magnetic field which was 
applied downward was changed while reproducing the 
recorded signal using a constant reproduction beam of 1 40 
mW, recorded iriformation in the second magnetic layer 
began to be transferred from about 100 Oe (the amplitude of 
a reproduced signal began to increase), and when a magnetic 
field of 150 to 200 Oe was applied, the amplitude of the 
reproduced signal became maximal at all recording frequen- 45 
cies from 1.8 MHz to 7.4 MHz. When the strength of the 
magnetic field was further increased, a decrease in amplitude 
of the reproduced signal (a decrease in carrier level) and an 
increase in noise in the reproduced signal (an increase in 
noise level) occurred, and the tendency of a decrease in C/N 50 
ratio at the respective recording frequencies was observed. 
In particular, as the signal had a higher recording frequency, 
a decrease in C/N ratio became more conspicuous. For 
example, since the mark length of a recording signal pit of 
7.4 MHz is about 0.4 pm, and is considerably smaller than 55 
the reproduction beam spot size, the transfer area of 
recorded information in the second magnetic layer is wid- 
ened, and a mask effect (super resolution effect) is reduced, 
thus causing an interference between recording pits. 

It was found that, in order to confirm if the reproduction 60 
magnetic field to be applied and the reproduction laser 
output are optimized and the super-resolution reproduction 
is realized, a reproduction signal of a recording pit string in 
a frequency range including the highest frequency (a pit with 
the shortest mark length) need only be checked. Similarly, a 65 
recording pit string at a frequency of 7.4 MHz was repro- 
duced while increasing the reproduction beam output from 
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1 mW to 3 raW at 0.5-mW intervals. At the same time, a 
magnetic field was applied downward while changing its 
strength from 0 to 300 Oe. 

The amplitudes of reproduced signals and the magnitudes 
of noise components under the respective conditions were 
evaluated. As the reproduction beam output increases, both 
the amplitude of the reproduced signal and the magnitude of 
noise increase. For this reason, evaluation was made on the 
basis of a value (arbitrary value) obtained by dividing the 
amplitude and noise width on an oscilloscope with the 
output value of the reproduction beam, i.e., a modulation 
factor. 

At the same time, the C/N ratios at respective reproduced 
signal frequencies were measured and evaluated using a 
spectrum analyzer. 

Within the ranges of the magnetic field and the laser beam 
output, in which a value obtained by normalizing the repro- 
duced signal amplitude, i.e., the modulation factor became 
maximal, the measured C/N ratio was 42 dB or higher, and 
super-resolution reproduction was satisfactorily performed 
The results are summarized in Table 1 below. 

TABLE 1 

Magnetic Held 150 200 

Strength (Oe) 

Laser Beam Output (mW) 1.0 to 2.0 1.0 to 1.5 


When the laser beam output was 2.5 mW or higher, a 
recording pit in the second magnetic layer was influenced by 
heat, and a decrease in carrier level and an increase in noise 
occurred. 

When the bias magnetic field upon reproduction was 250 
Oe or higher, transfer of the magnetization of the second 
magnetic layer to the first magnetic layer also occurred in a 
portion around the beam spot, and a super-resolution effect 
could not be obtained, thus causing a decrease in carrier and 
an increase in noise. 

As can be seen from Table 1, a good C/N ratio can be 
obtained by setting the reproduction magnetic field strength 
to fall within a range from 150 to 200 Oe, and by setting the 
laser beam output to fall within a range from 1 .0 to 2.0 mW 
when the reproduction magnetic field strength is 150 Oe; or 
by setting the laser beam output to fall within a range from 
1 .0 to 1 .5 mW when the reproduction magnetic field strength 
is 200 Oe. 

Then, the same reproduction experiments as described 
above were conducted by changing the inner temperature of 
a recording/reproduction apparatus from 10° C. to 50° C. by 
adjusting the air temperature in a thermostatic laboratory. 
Table 2 below summarizes the ranges of the magnetic field 
and the laser beam in which the value obtained by dividing 
the reproduction signal amplitude with the reproduction 
laser output value become maximal, and a C/N ratio of 42 
dB or higher is obtained. 


TABLE 2 


Inner 

Laser Beam 

Magnetic Held 

Temperature (°C) 

Output (mW) 

Strenghl (Oe) 

10 

1.0 to 2.0 

ISO to 200 

20 

1.0 to 1.5 

150 to 200 

30 

1.0 to 1 J 

150 

40 

1.0 

100 to 200 

50 

1.0 

100 to 150 


As can be seen from Table 2, as the inner temperature 
increases, the laser beam output and the magnetic field 
strength must be set to be smaller. The same reproduction 
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experiments as described above were conducted by chang- of 0.65 um was reproduced at a rotational speed of 1,800 

ing the rotational speed of the magnetooptical recording rpm. 

medium. Note that the reproduction radial position was 35 It is possible to record a pit string by setting the inner 

mm. Table 3 below summarizes the ranges of the magnetic temperature to be a predetermined temperature if it is done 

field and the laser beam in which the value obtained by 5 upon, e.g., delivery inspection of magnetooptical recording 

dividing the reproduction signal amplitude with the repro- media, 
duction laser output value become maximal, and a C/N ratio 

of 42 dB or higher is obtained. TABLE 4 


TABLE 3 


Rotational Speed 


Magnetic field 

(rpm) 

Output (raW) 

Strength (Oe) 

900 

1.0 

150 to 200 

1,200 

1.0 to 15 

150 to 200 

1.800 

1.0 to 15 

150 to 200 

2.400 

1.0 to 1.5 

150 to 200 

3,600 

15 to 2.0 

150 to 250 


As can be seen from Tkble 3, as the rotational speed 
flinear velocity) increases, the laser beam output must be 20 
increased. Also, as can be seen from Table 3, the magnetic 
field strength need not be changed so largely even when the 
rotational speed changes. 

In order to optimize the magnetic field and laser power 
upon reproduction, jitter (a shift of a reproduced signal from 
a reference time) of the reproduced signal may be evaluated 25 
in place of evaluation of the reproduced signal amplitude. 

A pit string as a reference for a reproduced signal is 
formed in advance as pre-pits on the substrate at a prede- 
termined position (a radial position of 35 mm in this 
example) on the magnetooptical recording medium. 30 

The inner temperature of the apparatus is set to be 
constant (37° C. in this example) by adjusting the air 
temperature in a thermostatic laboratory, and a predeter- 
mined pit string for preliminary recording, which string 
includes a pit with the shortest mark length, is recorded at 35 
the predetermined position in synchronism with time signals 
of the pre-pits under the recording conditions which can 
minimize reproduction jitter at the predetermined inner 
temperature of 37° C. (in this example, Pb: 5 mW, Pa: 12 
mW, and the recording bias magnetic field: 200 Oe). 40 

Then, the edges of pits of the reproduced signals are 
detected by changing the magnetic field and laser output 
upon reproduction as in the above-mentioned experiments. 
These edges correspond to points which yield zeros upon 
calculation of quadratic dirTerentials of the reproduced sig- 45 
nals with respect to time. 

Similarly, the central positions of pits of the reproduced 
signals are detected while changing the magnetic field and 
laser output upon reproduction. These positions correspond 
to maximal and minimal points in a change in reproduction 50 
signal over time. 

Conditions which can minimize a time difference between 
these detected reproduced pit positions and the positions of 
the predetenmned pit string including the pit with the 
shortest mark length as recording signals can be selected as 55 
optimal conditions upon reproduction. 

As the pit string including the shortest mark, a pit string 
(a signal pattern of 0/1 information) as information to be 
recorded in preliminary recording, and a pit string as a 
magnetic domain pattern on the medium obtained by record- 60 
ing preliminary recording information on the medium are 
present Upon evaluation of jitter, a shift between these 
patterns (as for the magnetic domain pattern, based on 
signals obtained by reproducing the pattern) along the time 
base is checked. 65 

Table 4 below shows the measurement results. In this 
case, a continuous pit string each pit having a mark length 


Edge Sbift 

Postiaa 

Magnetic 

Laser Power 

(usee) 

Shift (usee) 

Field (Oe) 

(mW) 

10 

8 

50 

1.0 

8 

6 

100 

1.0 

5 

3 

150 

1.0 

5 

3 

200 

1.0 

8 

5 

300 

1.0 

20 

12 

300 

2.0 


As can be understood from the results shown in Table 4, 
jitter can be small under conditions of, eg., a reproduction 
magnetic field of 150 to 200 Oe and a reproduction laser 
power of 1.0 mW. These results also agree with optimal 
reproduction conditions obtained based on the reproduced 
signal amplitude. 

In this example, signals as a time reference for reproduced 
signals were recorded as pre-pits. In this case, it is desirable 
that a magnetooptical signal pit string for determining 
reproduction conditions be recorded in a given temperature 
environment so as not to increase jitter upon recording. 

On the other hand, when a magnetooptical signal pit string 
for determining reproduction conditions is recorded imme- 
diately before reproduction, it is desirable to simultaneously 
write signals as a time reference for reproduced signals as 
magnetooptical pits. 

By utilizing the above-mentioned results, the following 
control is possible to achieve. 

A magnetooptical recording medium is prepared. The 
following data are recorded as information on a predeter- 
mined area. 


TABLE 5-1 



Inner Temperature 20° C 




Reproduction 


Reproduction 

Magnetic Field 

Radial Position 

Laser Power (raW) 

(Oe) 

35 mm 

2.0 

150 

40 mm 

2.0 

150 

45 mm 

12 

150 

50 mm 

12 

150 

55 mm 

14 

150 

60 »""» 

14 

150 

TABLE 5-2 


Inner Temperature 30° C. 




Reproduction 


Reproduction 

Magnetic Field 

Radial Position 

Laser Power (mW) 

(Oe) 

35 mm 

1.8 

150 

40 mm 

1.8 

150 

45 mm 

10 

150 

50 mm 

10 

150 

55 mm 

12 

150 

60 mm 

12 

150 


After information is recorded on this magnetooptical 
recording medium, the inner temperature of a recording/ 
reproduction apparatus is detected by a temperature sensor 
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arranged inside the apparatus. At the same time, optimal 
values of the reproduction laser power and magnetic field at 
respective inner temperatures, which are recorded in 
advance in the predetermined area, are read, and are set as 
reproduction conditions. As the temperature sensor for 
detecting the inner temperatures, a therm ocouple, a the r- 
m istor, or the like can be used , and can detect the inner 
temperature as a voltage sign al. 

\ Since optimal reproduction conditions (the reproduction 
power and reproduction magnetic field) change depending 
on the radial position and the inner temperature, if detailed 
data are recorded in correspondence with various conditions, 
a huge amount of data must be recorded. In this case, coarse 
data may be recorded, and reproduction conditions may be 
determined by calculating data at the corresponding radial 
position and inner temperature by, e.g., an interpolation 
method. 

For example, if the inner temperature is 25° C, in order 
to reproduce information at the radial position of 37.5 mm, 
since 1.9 mW and 150 Oe at 25° C. and a radial position of 

35 mm, and 1.9 mW and 150 Oe at 25° C and a radial 

position of 40 mm by interpolation, 
there are obtained 1.9 mW and 150 Oe at 25° C. at the radial 

position of 37.5 mm by interpolation. 

From the above-mentioned results, it is effective to deter- 
mine reproduction conditions of recorded information by the 
following methods. 

(1) Prior to reproduction of recorded information, a pit 
string including the shortest mark is recorded at a predeter- 
mined position on a magnetooptical recording medium, and 
the reproduced signal amplitude is detected while changing 
the reproduction magnetic field to be applied and the repro- 
duction laser power, thereby determining a reproduction 
magnetic field to be applied and reproduction laser power. 

(2) Prior to reproduction of recorded information, a pit 
string including the shortest mark is recorded at a predeter- 
mined position on a magnetooptical recording medium, and 
jitter of the reproduced signal is detected while changing the 
reproduction magnetic field to be applied and the reproduc- 
tion laser power, thereby determining a reproduction mag- 
netic field to be applied and reproduction laser power. 

(3) Prior to reproduction of recorded information, a pit 
string to be recorded at a predetermined position of a 
magnetooptical recording medium is formed to have accu- 
rate shapes upon, delivery inspection of the magnetooptical 
recording medium in an environment in which the inner 
temperature of a recording/reproduction apparatus is con- 
trolled to be constant, and the laser power and the bias 
magnetic field upon recording are controlled to be constant. 

(4) As can be seen from the results of this example, an 
optimal reproduction magnetic field and reproduction laser 
power can be determined if the linear velocity of the 
magnetooptical recording medium and the inner temperature 
of a recording/reproduction apparatus are determined. Thus, 
the values of optimal reproduction laser power and repro- 
duction magnetic field corresponding to changes in inner 
temperature and linear velocity are recorded as data at a 
preo^termined position of a magnetooptical recording 
medium without performing write tests as in the methods (1) 
to (3). Prior to reproduction of a series of recorded infor- 
mation, the inner temperature and the radial position of the 
medium are detected to determine an optimal reproduction 
magnetic field to be applied and reproduction laser power, 
and thereafter, information is reproduced. 

[Fifth Embodiment] 


•6,555 
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FIG. 27 is a schematic sectional view showing an example 
of the layer structure of a magnetooptical recording medium 
according to the present invention. The magnetooptical 
recording medium shown in FIG. 27 is constituted by 
5 laminating first and second magnetic layers 32 and 33 in turn 
on a substrate 31. In this recording medium, a recording/ 
reproduction laser beam is incident from the substrate 31 
side. Note that these layers satisfy the following conditions: 

^ ^ Room Tcxnperatutc^Tcc^i <T c i 

H el (KTHsJ^V2M tl (!Xr^i (a room temperature) ^H^CR)- 
a w (R)/2M, 1 (R)l) 1 (upon reproduction) 

20 

where H cl and are respectively the coercive forces of the 
first and second magnetic layers; T cl and T e2 , are the Curie 
temperatures of the first and second magnetic layers; h, and 
h 2 , are the film thicknesses of the first and second magnetic 

25 layers; T Mnvll is the compensation temperature of the first 
magnetic layer, and a w , is the interface magnetic wall 
energy between the first and second magnetic layers. 
H el (RT) and M^jCRT) respectively represent the coercive 
force and saturation magnetization of the first magnetic layer 

30 at room temperature. H cl (R) and M xl (R) respectively rep- 
resent the coercive force and saturation magnetization of the 
first magnetic layer at a temperature upon reproduction. 
a w (RT) and a w (R) represent the interface magnetic wall 
energy at the room temperature and at a temperature upon 

35 reproduction, respectively. 

Each of the first and second magnetic layers 32 and 33 
comprises a perpendicular magnetic film consisting of an 
amorphous alloy of a rare earth element (Tb, Dy, Gd, Nd, 
Ho, or the like) and an iron-group transition metal (Fe, Co, 

40 Ni, or the like), and an exchange-coupling force acts 
between these two layers. 

As the substrate 31, known materials such as glass, a glass 
member with a guide track consisting of an ultraviolet 
setting resin, polycarbonate, polyraethyl methacrylate, an 

45 epoxy-based resin, and the like can be used without , any 
limitations. 

FIG. 29 is a schematic sectional view showing another 
example of the layer structure of the magnetooptical record- 
ing medium used in the present invention. The magnetoop- 

50 tical recording medium shown in FIG. 29 is constituted by 
laminating a guide track layer 35, a protective layer 36, first 
and second magnetic layers 32 and 33, another protective 
layer 36, and a reflective layer 37 in rum on a substrate 31. 
Furthermore, an intermediate layer having a function of 

55 adjusting the exchange-coupling force may be formed 
between the magnetic layers, and a magnetic layer for 
adding another function may be formed (e.g., a magnetic 
layer having a high Curie temperature and a large magne- 
tooptical effect may be formed on the side of the substrate 

60 31 with respect to the first magnetic layer 32). 

Furthermore, two media each having the above-men- 
tioned structure may be adhered to each other to constitute 
a double-side recordable medium. 
FIG. 31 is a state transition chart showing an example of 

65 a magnetooptical recording method of the present invention. 
Note that the sublattice magnetization of the rare earth 
element is dominant in both the first and second magnetic 
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layers. When the magnetic moments of the two layers are 
parallel to each other, no interface magnetic wall is formed 
between the two layers. 

Prior to magnetooptical recording, an external magnetic 
field Hi of 200 to 5,000 Oe is applied to align the magnetic s 
moment of the first magnetic layer in one direction (upward 
in this case). This operation is so-called initialization pro- 
cessing ((a), (h) of FIG. 31). 

When the strength of the magnetic field Hi required for 
initialization is smaller than, e.g., 500 Oe, a recording io 
magnetic field Hb may be commonly used in place of the 
external magnetic field Hi. 

Then, a laser beam whose laser power is changed between 
binary levels in correspondence with a recording signal 
irradiates the medium applying the recording magnetic field 15 
Hb of about 50 to 500 Oe in the same direction (upward) as 
the external magnetic field, thus achieving recording as 
follows. 

When a laser beam of a low level Pb irradiates the 
medium (to be referred to as an L process hereinafter), the 20 
temperature of only a magnetic layer portion corresponding 
to the high-temperature portion of a laser spot rises to a 
temperature equal to or higher than the Curie temperature 
T^ of the second magnetic layer 33, and the magnetic 
moment of the second magnetic layer 33 disappears ((c) of 25 
FIG. 31). 

When the laser spot moves and the temperature of the 
magnetic layer falls to room temperature, the state (a) in 
FIG. 31 is restored. 

On the other hand, when a laser beam of a high level Pa 30 
irradiates the medium (to be referred to as an H process 
hereinafter), the temperature of only a magnetic layer por- 
tion corresponding to the high-temperature portion of the 
laser spot rises to a temperature equal to or higher than the 
compensation temperature T con?> , of the first magnetic layer, 35 
and the sublattice magnetization of the transition metal 
becomes dominant in the first magnetic layer 32. As a result, 
the direction of the magnetic moment of the first magnetic 
layer 32 is reversed ((d) of FIG. 31). At this time, the 
direction of magnetization of the first magnetic layer 32 is 40 
reversed by the recording bias magnetic field Hb ((e) of FIG. 
31). When the laser spot moves and the temperature of the 
corresponding portion falls to a temperature equal to or 
lower than the compensation temperature T compi of the first 
magnetic layer 32, the sublattice magnetization of the rare 45 
earth element becomes dominant again in the first magnetic 
layer 32, and the direction of the magnetic moment of the 
first magnetic layer 32 is reversed ((f) of FIG. 31). 

When the temperature of the magnetic layer portion 
further falls to a temperature equal to or lower than the Curie 50 
temperature T c2 of the second magnetic layer, magnetization 
appears in the second magnetic layer in the same direction 
as that of the sublattice magnetization of the first magnetic 
layer (so as not to form an interface magnetic wall) ((g) of 
FIG. 31). 55 

When the magnetooptical recording medium is rotated 
and the magnetic layer portion passes the external magnetic 
field Hi, the direction of magnetization of the first magnetic 
layer is aligned in the upward direction, as shown in a state 
(h) of FIG. 31. 60 

FIG. 33 is a state transition chart showing another 
example of the magnetooptical recording method of the 
present invention. 

In this method, substantially the same recording operation 
as that shown in FIG. 31 is performed, except that a 65 
magnetooptical recording medium in which the sublattice 
magnetization of the rare earth element is dominant in the 


first magnetic layer and the sublattice magnetization of the 
transition metal is dominant in the second magnetic layer is 
used. In this case, when the magnetic moments of the two 
layers are anti-parallel to each other, no interface magnetic 
wail is formed between the two layers. 

As shown in FIG. 33, states ((f) to (h) of FIG. 33) in a 
process wherein the temperature of the magnetic layer 
returns from the Curie temperature T rf of the second mag- 
netic layer to room temperature in the H process are different 
from those shown in FIG. 31. 

This is because the sublattice magnetization of the rare 
earth element is dominant in the first magnetic layer and the 
sublattice magnetization of the transition metal is dominant 
in the second magnetic layer, as described above. 

Therefore, in a portion recorded in the H process, the 
magnetic moments of the first and second magnetic layers 
are parallel to each other (in the upward direction in this 
case), and an interface magnetic wall is formed between the 
two layers, as shown in a state (h) of FIG. 33. 

With the above-mentioned recording method, according 
to the present invention, a recording bit having a size equal 
to or smaller than the diffraction limit of the laser beam can 
be formed by an overwrite method 

FIGS. 37A and 37B show an example of a reproduction 
method of a magnetooptical recording medium (based on 
FIG. 33) according to the present invention. 

Upon completion of the above-mentioned recording 
operation of the present invention, the magnetic moments in 
all the recorded portions of the first magnetic layer are 
aligned upward, as shown in FIG. 37A, and it is difiicult to 
reproduce recorded information from the second magnetic 
layer even when a reproduction beam is irradiated. 

For this reason, upon irradiation by the reproduction 
beam, the direction of the recording magnetic field Hb 
shown in FIG. 31 or 33 is reversed to the downward 
direction, and the strength of the magnetic field is set to 
satisfy a condition: 


where H cl (R) is the coercive force of the first magnetic layer 
at a reproduction temperature R; o w (R), the interface mag- 
netic wall energy between the first and second magnetic 
layers at the reproduction temperature R; and M^CR), the 
magnitude of the saturation magnetization of the first mag- 
netic layer at the reproduction temperature R. 

Of the conditions of the magnetic field Hb given by the 
above relation, a condition H^-oyiM^h^Hb defines a 
condition for preventing the magnetic moment of the first 
magnetic layer from being reversed by only the magnetic 
field applied upon reproduction. 

Of the conditions of the magnetic field Hb Given by the 
above relation, a condition Hb>H cl (R)-c w (R)/2M,j (R)h x 
defines a condition for satisfactorily transferring a pit mag- 
netic domain formed in the second layer to the first magnetic 
layer upon reproduction. In the recording medium of the 
present invention, the composition of the first magnetic layer 
changes in the direction of film thickness. More specifically, 
in the first magnetic layer, the sublattice magnetization of the 
rare earth element is dominant, and the ratio of the transition 
metal element increases as the position is separated farther 
from the interface between the first and second magnetic 
layers (as the position becomes closer to the substrate). As 
for the magnetic characteristics of the first magnetic layer, in 
a portion on the side of the substrate separated farther from 
the interface between the first and second magnetic layers, 
since the compensation temperature T compi is lowered and 
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close to room temperature (e.g., 50* C to 100° C), the 
coercive force H cl increases (e.g., 2 to 10 kOe). 

In contrast to this, in a portion near the interface between 
the first and second magnetic layers, which portion has a 
conventional composition, the compensation temperature is 5 
set to be as high as 100° C. to 200° C. to allow stable binary 
recording, and the coercive force is set to be as high as 0.5 
to 2 kOe to allow initialization. 

In the first magnetic layer film, since these portions are 
strongly exchange-coupled in the direction of film thickness, 1Q 
they exhibit characteristics as a single magnetic film. 

This effect will be explained below with reference to FIG. 
35. 

FIG. 35 shows changes in the coercive force of the 
respective magnetic layers upon an increase in temperature 
from the states (a) to (c) in FIG. 31 or 33. 15 

In FIG. 35, solid curves represent the measurement results 
of single-layered film samples of the first and second mag- 
netic layers, and a dotted curve represents the measurement 
result of the first magnetic film in a conventional uniform 
film state (the film composition is one located near the 20 
interface between the first and second magnetic layers). 

As can be seen from FIG. 35, when the first magnetic 
layer is in a conventional uniform film state, the coercive 
force H cl increases up to the compensation temperature 
T compV and the strength of the bias magnetic field a w (t)/ 25 
2MjiWr»i by the exchange-coupling force between the first 
and second magnetic layers decreases to become zero at the 
Curie temperature of the second magnetic layer. 

For this reason, the margin H e ,(t)-<j w (t)/2M f i(t)h 1 for the 
stable presence of a magnetic wall increases along with an 30 
increase in temperature if the temperature distribution in the 
reproduction beam spot and the like are not taken into 
consideration. In contrast to this, in a system with a com- 
position distribution in the direction of film thickness in the 
first magnetic layer, as indicated by the solid curve, the 35 
coercive force abruptly decreases by the temperature rise 
from room temperature. 

The coercive force, indicated by the solid curve, of the 
first magnetic layer exhibits a larger value than the coercive 
force (indicated by the dotted curve) H cl of the conventional 
first magnetic layer due to mixing of compositions having 
different compensation temperatures in the direction of film 
thickness. However, when the temperature increases and 
becomes higher than the compensation temperature of the 
film portion near the substrate, the coercive force abruptly 45 
decreases and assumes a minimal value, as shown in FIG. 
35. Then, the coercive force approaches the value of H cl (t) 
(dotted curve). 

In this case, the margin H e i(t)-a w (t)/2M rt (t)h I for the 
stable presence of a magnetic wall also assumes a minimal 50 
value at a temperature tmin at which the coercive force of 
the system having the composition distribution in the direc- 
tion of film thickness becomes minimal. For this reason, a 
read magnetic field upon magnetic super-resolution repro- 
duction is set to satisfy the following condition, so that the 55 
margin assumes a negative value (to transfer a pit formed in 
the second magnetic layer to the first magnetic layer) at this 
temperature: 

60 

Hb>H c ,(inrin)-0 w l ^tnrinyZM, , (tnrin)h , 

As described above, overwrite recording and magnetic 
super-resolution reproduction can be realized under prede- 
termined conditions and method using the recording 65 
medium having the first and second magnetic layers of the 
present invention. 
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[Experimental Example 5] 

An experimental example of the present invention will be 
described in detail below. 

A 60- run thick dielectric protective film consisting of 
Si 3 N 4 was formed by a sputtering method on a polycarbon- 
ate substrate having a thickness of 1 .2 mm and a diameter of 
130 mm, and a 50-nm thick Gd-Dy-Fe-Co first magnetic 
layer was formed thereon. Then, a 20-nm thick second 
magnetic layer consisting of Dy 12 Tb 10 Fe7 0 Co 8 (at %) was 
formed on the first magnetic layer, and a 40-nm Al heat sink 
layer was formed on the second magnetic layer. Further- 
more, a 60- run thick dielectric protective film consisting of 
Si 3 N 4 was formed on the heat sink layer, thus ending 
sputtering. Finally, an aery late-based resin protective layer 
was farmed by spin coating, thus obtaining a magnetooptical 
recording medium. 

The composition of the first magnetic layer was 
(GdsoDY^^tFegoCc^so (at %) at the interface with the 
Si 3 N 4 film, and was (Gd so Dy 50 ) 24 (Fe 80 Co 20 ) 76 (at %) at the 
interface with the second magnetic layer. 

The characteristics and the like of this medium are as 
follows. 

Film characteristics of first magnetic layer/second mag- 
netic layer interface (those of (Gd 50 DY 50 ) 24 (Fe 80 Co 20 )7 6 (at 
%) film) 

Coercive force (H cl ): 500 Oe 

Curie temperature (T cl ): 230° C. 

Saturation magnetization (M^): 220 emu/cc 

Compensation temperature (J eompl ): 180° C. 

Film characteristics of first magnetic layer/Si 3 N 4 film 
interface (those of (Gd IJy50 ) 20 (Fe 80 Co 20 ) 80 (at %) film) 

Coercive force (H cl ): 4,000 Oe 

Curie temperature (T cl ): 250° C. 

Saturation magnetization (M,,): 150 emu/cc 

Compensation temperature (T compl ): 50° C. 

Film characteristics of entire first magnetic layer 

Coercive force (H cl ): 1,000 Oe 

Curie temperature (T cJ ): 240° C. 

Saturation magnetization (M xl ): 190 emu/cc 

Compensation temperature (T com/7l ): 180° C. 

Coercive force (H^ of second magnetic layer 15,000 Oe 

Curie temperature (T^ of second magnetic layer. 160° C. 

Saturation magnetization (M j2 ) of second magnetic layer 
40 emu/cc 

Film thickness (hj of second magnetic layer 20 nm 

Interface magnetic wall energy (a w 12) between first and 
second magnetic layers: 2.2 erg/cm 2 

This magnetooptical recording medium was rotated at 
1,800 rpm, and recording was performed at a radial position 
of 35 mm by binary recording power (Pb: 6 mW, Pa: 12 
mW) using a laser having a wavelength of 780 nm while 
applying a magnetic field of 200 Oe upward. Note that the 
strength of the external magnetic field for magnetizing 
(initializing) the first magnetic layer upward was 3 kOe. 

Note that the apparent coercive force of the first magnetic . 
layer film was about 1 kOe. Upon recording, the frequency 
of a recording signal was changed from 1.8 MHz to 7.4 
MHz. 

Upon reproduction of a recorded signal, the reproduction 
beam output was changed from 1 mW to 3 mW to obtain a 
reproduction beam spot, and a magnetic field was applied 
downward while changing its strength from 0 to 500 Oe. 

As a result, high reproduced signal quality with a C/N 
ratio of 44 dB or higher could be obtained for, e.g., a 
recorded signal of 7.4 MHz (mark length of about 0.4 pm) 
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over wide ranges of the applied magnetic field (70 to 220 
Oe) and the reproduction laser power (1.0 to 2.0 mW). 

When the same recordi ng/reproduction experiments were 
conducted for a sample disk in which the first magnetic layer 
was formed to have a uniform composition at the interface 5 
with the second magnetic layer and a thfclfjif.ss of 50 nm, a 
high reproduction C/N ratio was obtained from narrow 
ranges of the applied magnetic field (150 Oe) and the 
reproduction power (1.0 to 2.0 raw). 
[Sixth Embodiment] 10 
FIG. 26 is a schematic sectional view showing an example 
of the layer structure of a magneiooptical recording medium 
used in the present invention. The magneiooptical recording 
medium shown in FIG. 26 is constituted by sequentially 
laminating a third magnetic layer 34, a first magnetic layer 15 
32, and a second magnetic layer 33 on a substrate 31. In this 
recording medium, a recording/reproduction laser beam is 
incident from the side of the substrate 31. Note that these 
magnetic layers satisfy the following conditions. 

20 

H el X5 w \WM tl h yi v w nWA, x h x 25 
H c3 <o w \3f2M M ^ 

Room Ttmpemme<T cgavl <l cl 30 

H €l (JST}~a vr l2(^ry2M Jl ^I)h l (al room temperature) >ff el (R>- 
0"J2(R)/2A/„(R)A, (upon reading) 

7 CI >r rt . r rt 
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where H cl , H c2 , and H c3 are respectively the coercive forces 
of the first, second, and third magnetic layers; T cl) T^, and 
T c3 , are the Curie temperatures of the first, second, and third 
magnetic layers; h^ h 2 , and h 3 , are the film thicknesses of 
the first, second, and third magnetic layers; T complt is the 40 
compensation temperature of the first magnetic layer, and 
o w 12 and o w 13, are the interface magnetic wall energies 
between the first and second magnetic layers and between 
the first and third magnetic layers. H cl (RT) and M^OCT) 
respectively represent the coercive force and saturation 45 
magnetization of the first magnetic layer at room tempera- 
ture. H cl (R) and M jX (R) respectively represent the coercive 
force and saturation magnetization of the first magnetic layer 
at a temperature upon reading. a w 12(RT) and o w 12(R) 
represent the interface magnetic wall energy at the room 50 
temperature and at a temperature upon reading, respectively. 
Each of the first, second, and third magnetic layers 32, 33, 
and 34 comprises a perpendicular magnetic film consisting 
of an amorphous alloy of a rare earth element (Tb, Dy, Gd, 
Nd, Ho, or the like) and an iron-group transition metal (Fe, 55 
Co, Ni, or the like), and an exchange-coupling force acts 
between each two adjacent layers. 

As the substrate 31, known materials such as glass, a glass 
member with a guide track consisting of an ultraviolet 
setting resin, polycarbonate, polymethyl methacrylate, an 60 
epoxy-based resin, and the like can be used without any 
limitations. 

FIG. 28 is a schematic sectional view showing another 
example of the layer structure of the magnetooptical record- 
ing medium used in the present invention. The magnetoop- 65 
tical recording medium shown in FIG. 28 is constituted by 
laminating a guide track layer 35, a protective layer 36, a 
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third magnetic layer 34, a first magnetic layer 32, a second 
magnetic layer 33, another protective layer 36, and a reflec- 
tive layer 37 in turn on a substrate 31. 

Furthermore, an intermediate layer having a function of 
adjusting the exchange-coupling force may be formed 
between the magnetic layers, and a magnetic layer for 
adding another function may be formed (e.g., a magnetic 
layer having a high Curie temperature and a large magne- 
tooptical effect may be formed on the side of the substrate 
31 with respect to the third magnetic layer 34). 

Furthermore, two media each having the above-men- 
tioned structure may be adhered to each other to constitute 
a double-side recordable medium. 

FIG. 30 is a state transition chart showing an example of 
a magnetooptical recording method of the present invention. 
Note that the sublattice magnetization of the rare earth 
element is dominant in all the first, second, and third 
magnetic layers. When the magnetic moments of each two 
adjacent layers are parallel to each other, no interface 
magnetic wall is formed between these two layers. 

Prior to magnetooptical recording, an external magnetic 
field Hi of 200 to 5,000 Oe is applied to align the magnetic 
moment of the first magnetic layer 32 in one direction 
(upward in this case). 

At this time, the magnetic moment of the third magnetic 
layer 34 which is strongly exchange-coupled to the first 
magnetic layer 32 is also aligned in that one direction. This 
processing is so-called initialization processing ((a), (h) of 
FIG. 30). 

When the strength of the magnetic field Hi required for 
initialization is smaller than, e.g., 500 Oe, a recording 
magnetic field Hb may be commonly used in place of the 
external magnetic field Hi. 

Then, a laser beam whose laser power is changed between 
binary levels in correspondence with a recording signal 
irradiates the medium while applying the recording mag- 
netic field Hb of about 50 to 500 Oe in the same direction 
(upward) as the external magnetic field, thus achieving 
recording as follows. 

When a laser beam of a low level Pb irradiates the 
medium (to be referred to as an L process hereinafter), the 
temperature of only a magnetic layer portion corresponding 
to the high-temperature portion of a laser spot rises to a 
temperature equal to or higher than the Curie temperature 
T rt of the second magnetic layer 33, and the magnetic 
moment of the second magnetic layer 33 disappears. At this 
time, since the third magnetic layer 34 has a Curie tempera- 
ture lower than that of the second magnetic layer 33 in FIG. 
28, the magnetic moment of the third magnetic layer 34 has 
already disappeared at a temperature lower than the tem- 
perature T^ ((c) of FIG. 30). 

When the laser spot moves and the temperature of the 
magnetic layer falls to room temperature, the state (a) in 
FIG. 30 is restored. 

On the other hand, when a laser beam of a high level Pa 
irradiates the medium (to be referred to as an H process 
hereinafter), the temperature of only a magnetic layer por- 
tion corresponding to the high-temperature portion of the 
laser spot rises to a temperature equal to or higher than the 
compensation temperature T compl of the first magnetic layer 
32, and the sublattice magnetization of the transition metal 
becomes dominant in the first magnetic layer 32. As a result, 
the direction of the magnetic moment of the first magnetic 
layer 32 is reversed ((d) of FIG. 30). At this time, the 
direction of magnetization of the first magnetic layer 32 is 
reversed by the recording bias magnetic field Hb ((e) of FIG. 
30). When the laser spot moves and the temperature of the 
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corresponding portion falls to a temperature equal to or 
lower than the compensation temperature T compl of the first . 
magnetic layer 32, the sublaitice magnetization of the rare 
earth element becomes dominant again in the first magnetic 
layer 32, and the direction of the magnetic moment of the 5 
first magnetic layer 32 is reversed ((f) of FIG. 30). 

When the temperature of the magnetic layer portion 
further falls to a temperature equal to or lower than the Curie 
temperature of the second magnetic layer 33, magneti- 
zation appears in the second and third magnetic layers in the lQ 
same direction as that of the sublattice magnetization of the 
first magnetic layer 32 (so as not to form an interface 
magnetic wall) ((g) of FIG. 30). 

When the magnetooptical recording medium is rotated 
and the magnetic layer portion passes the external magnetic 
field Hi, the directions of magnetization of the first and third 15 
magnetic layers are aligned in the upward direction, as 
shown in a state (h) of FIG. 30. 

RG. 32 is a state transition chart showing another 
example of the magnetooptical recording method of the 
present invention. 20 

In this method, substantially the same recording operation 
as that shown in FIG. 30 is performed, except that a 
magnetooptical recording medium in which the sublattice 
magnetization of the rare earth element is dominant in the 
first and third magnetic layers and the sublattice magneti- 25 
zation of the transition metal is dominant in the second 
magnetic layer is used. In this case, when the magnetic 
moments of the first and third magnetic layers, and that of 
the second magnetic layer are anti-parallel to each other, no 
interface magnetic wall is formed between these layers. 

As shown in FIG. 32, states ((f) to (h) of FIG. 32) in a 
process wherein the temperature of the magnetic layer 
returns from the Curie temperature T rt of the second mag- 
netic layer to room temperature in the H process are different 
from those shown in FIG. 30. 

This is because the sublattice magnetization of the rare 35 
earth element is dominant in the first and third magnetic 
layers and the sublattice magnetization of the transition 
metal is dominant in the second magnetic layer, as described 
above. 

Therefore, in a portion recorded in the H process, the 40 
magnetic moments of the first and second magnetic layers 
are parallel to each other (in the upward direction in this 
case), and an interface magnetic wall is formed between the 
two layers, as shown in a state (h) of FIG. 32. 

With the above-mentioned recording method, according 43 
to the present invention, a recording bit having a size equal 
to or smaller than the diffraction limit of the laser beam can 
be formed by an overwrite method. 

FIGS. 36A and 36B show an example of a reproduction 
method of magnetooptically recorded information (based on 
FIG. 32) according to the present invention. 

Upon completion of the above-mentioned recording 
operation of the present invention, the magnetic moments in 
all the recorded portions of the third and first magnetic layers 
are aligned upward, as shown in FIG. 36A, and it is difficult 
to reproduce recorded information from the second magnetic 55 
layer even when a reproduction beam irradiates the medium. 

For this reason, upon irradiation by the reproduction 
beam, the direction of the recording magnetic field Hb 
shown in FIG. 30 or 32 is reversed to the downward 
direction, and the strength of the magnetic field is set to 60 
satisfy a condition: 

H el -c w 12y2Af J1 /t 1 >fft>f/ £l (i)-o w 12(/)/2Af #1 (/)A I 
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Similarly, the following relation must be satisfied as a 
condition: 


where H cl (t) and H^t) are respectively the coercive forces 
of the first and third magnetic layers at a reproduction 
temperature t; o w 12(t) and a w 13(t), the interface magnetic 
wall energies between the first and second magnetic layers 
and between the first and third magnetic layers at the 
reproduction temperature t; and M #l (t) and M l3 (t), the 
magnitudes of the saturation magnetizations of the first and 
third magnetic layers at the reproduction temperature t 

Of the conditions of the magnetic field Hb given by the 
above relation, a condition H cl -a w 12/2M J ,h 1 >Hb defines a 
condition for preventing the magnetic moment of the first 
magnetic layer from being reversed by only the magnetic 
field applied upon reproduction. 

Of the conditions of the magnetic field Hb given by the 
above relation, a condition Hb>H cl (t)-a w l 2(1)72^ 
defines the following condition.. 

With the reproduction beam to be described in detail later, 
the central portion of the beam spot has the highest tem- 
perature, and the temperature rise of a portion around the 
spot is small. 

The power of the reproduction beam is gradually 
increased to increase the temperature of the recording layer. 
If the temperature t of the recording layer is equal to room 
temperature, H el (t)-o w 12(t)/2M J1 (l)h l equals H c ,-a w 12/ 
^M^jh,, and means a margin for the stable presence of a 
magnetic wall. The margin is normally a positive value (e.g., 
200 to 500 Oe). For this reason, if the temperature t of the 
recording layer rises from room temperature and the value 
H cl (t)-a w 12(t)/2M J1 (t)h 1 decreases even slightly, 
Hb^iCtJ-CT^^tJ^M^COh! is satisfied. As a result, the 
magnetic moment of the first magnetic layer is reversed by 
the applied magnetic field Hb, and recorded information in 
the second magnetic layer is transferred to the first magnetic 
layer (at the same time, to the third magnetic layer). 

When the value of the term of the margin for the stable 
presence of a magnetic wall,. i.e., H cl (t)-a w 12(t)/2M J j(tJh l 
is relatively large at room temperature, and largely changes 
along with the temperature rise, if the strength of the 
reproduction magnetic field and the reproduction laser 
power are properly selected, recorded information in the 
second magnetic layer is transferred to the first magnetic 
layer at only the central portion of the beam spot where the 
temperature rises upon reproduction, thus realizing magnetic 
super-resolution reproduction. 

However, when a change in value of the margin H cl (t)- 
a H ,12(t)/2M J ,(t)h 1 is small, a pit magnetic domain formed in 
the second magnetic layer cannot be satisfactorily trans- 
ferred, and magnetic super-resolution reproduction is dis- 
turbed. 

In the recording medium of the present invention, the 
third magnetic layer which has a larger coercive force and a 
lower Curie temperature than those of the first magnetic 
layer at room temperature is formed adjacent to the first 
magnetic layer. 

This effect will be explained below with reference to FIG. 
34. 

FIG. 34 shows changes in coercive force of the respective 
magnetic layers upon an increase in temperature from the 
states (a) to (c) in FIG. 30 or 32. 

Since the first and third magnetic layers are strongly 
exchange-coupled to each other (the bias magnetic field 
based on exchange-coupling is larger than the difference 
between the coercive forces of the two layers), the directions 
of magnetization of the two layers are simultaneously 
reversed in measurement of a magnetization curve. 
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In FIG. 34, solid curves represent the measurement results 
of single-layered film samples of the first, second, and third 
magnetic layers. Also, a dotted curve represents the mea- 
surement result of a lamination state of the third and first 
magnetic layers. 5 

As can be seen from FIG. 34, in the case of the first 
magnetic layer alone, its coercive force H cl increases up to 
the compensation temperature 7^^^ and the strength of 
the bias magnetic field a w 12(t)/2M jl (t)h l by the exchange- 
coupling force between the first and second magnetic layers 
decreases to become zero at the Curie temperature of the 
second magnetic layer. 

For this reason, it is difficult to consider that the margin 
H cl (t>-c w 12(t)/2M J1 (t)h 1 for the stable presence of a mag- 
netic wall decreases upon an increase in temperature if the 
temperature distribution in the reproduction beam spot is not 15 
taken into consideration. 

Contrary to this, in a laminated system of the third and 
first magnetic layers indicated by the dotted curve, the 
coercive force and magnetization of the third magnetic layer 
abruptly decrease by the temperature rise from room tem- 20 
perature. 

The apparent coercive force indicated by the dotted curve 
is H cl (t)^ w U{tyiM sl {i)h lt and exhibits a larger value than 
H c i(0 by a bias based on the exchange-coupling force. 
However, o w 13(t) abruptly increases by the temperature 25 
rise, and the coercive force of the laminated system indi- 
cated by the dotted curve assumes a minimal value, as 
shown in FIG. 34. Then, the coercive force approaches the 
value H cl (t). 

The margin H cl (t)-o w 12(t)/2M J1 (t)h 1 for the stable pres- 30 
ence of a magnetic wall assumes a minimal value at a 
temperature trnin at which the coercive force of the lami- 
nated system indicated by the dotted curve becomes mini- 
mal. For this reason, a read magnetic field upon magnetic 
super-resolution reproduction is set to satisfy the following 35 
condition, so that the margin assumes a negative value (to 
transfer a pit formed in the second magnetic layer to the first 
magnetic layer) at this temperature: 


40 


Hfeff e ,(tmin>-a w 12(timn)y2Af #1 (iiran)ft I 


As described above, overwrite recording and magnetic 
super-resolution reproduction can be realized under a pre- 
determined condition and method using the recording 45 
medium having the first, second, and third magnetic layers 
of the present invention. 

[Experimental Example 6] 

An experimental example of the present invention will be 
described in detail below. so 

A 60-nm thick dielectric protective film consisting of 
Si 3 N 4 was formed by a sputtering method on a polycarbon- 
ate substrate having a thickness of 1.2 mm and a diameter of 
130 mm, and a 10-nm thick third magnetic layer consisting 
of Dy 2 5Fe7 0 Co 5 (at %) was formed on the protective film. A 55 
25-nm thick first magnetic layer consisting of 
Gd^ysFeroCog (at %) was formed on the third magnetic 
layer, and a 20-nm thick second magnetic layer consisting of 
Ity^TbioFe^Coa (at %) was formed on the first magnetic 
layer. Furthermore, a 40-nm Al heat sink layer was formed 60 
on the second magnetic layer, and a 60-nm thick dielectric 
protective film consisting of Si 3 N 4 was formed on the heat 
sink layer, thus obtaining a magnetooptical recording 
medium. 

The characteristics and the like of this medium are as 65 
follows. 

Coercive force (H cl ) of first magnetic layer 500 Oe 


Curie temperature (T c i) of first magnetic layer 230° C. 
Saturation magnetization (M xl ) of first magnetic layer 
220 emu/cc 

Rim thickness (hj) of first magnetic layer 25 am 
Compensation temperature (T^^) of first magnetic 
layer 180° C 

Coercive farce CH^ of second magnetic layer 15,000 Oe 
Curie temperature (T^a) of second magnetic layer 160° C. 
Saturation magnetization (M j2 ) of second magnetic layer 
40 emu/cc 

Him thickness (nj of second magnetic layer 20 run 
Coercive force (H^ of third magnetic layer 8,000 Oe 
Curie temperature (T c3 ) of third magnetic layer 140° C. 
Saturation magnetization (M j3 ) of third magnetic layer 
120 emu/cc 

Film thickness (h 3 ) of third magnetic layer 10 run 

Interface magnetic wall energy (o w 13) between third and 
first magnetic layers: 2.5 erg/cm 2 

Interface magnetic wall energy (ct w 12) between first and 
second magnetic layers: 2.2 erg/cm 2 

This magnetooptical recording medium was rotated at 
1,800 rpm, and recording was performed at a radial position 
of 35 mm by binary recording power (Pb: 5 mW, Pa: 12 
mW) using a laser having a wavelength of 780 nm while 
applying a magnetic field of 200 Oe upward. Note that the 
strength of the external magnetic field for magnetizing 
(initializing) the third and first magnetic layers upward was 
2kOe. 

Note that the apparent coercive force of the laminated film 
of the third and first magnetic layers was about 1 kOe (this 
value is almost equal to H cl (500 OeH^lS^M^bj^OO 
Oe)). 

Also, a bias based on the exchange-coupling force from 
the interface with the second magnetic layer to the laminated 
film of the third and first magnetic layers was about 300 Oe 
(this value is almost equal to o w 12/(2M jJ h l +2M X 3h 3 )). 

Upon recording, the frequency of a recording signal was 
changed from 1.8 MHz to 7.4 MHz. Upon reproduction of 
a recorded signal, the reproduction beam output was 
changed from 1 mW to 3 mW. Under such a reproduction 
beam spot, a magnetic field was applied downward while its 
strength was changed from 0 to 500 Oe. 

As a result, high reproduced signal quality with a C/N 
ratio of 40 dB or higher could be obtained for, e.g., a 
recorded signal of 7.4 MHz (mark length of about 0.4 urn) 
over wide ranges of the applied magnetic field (50 to 200 
Oe) and the reproduction laser power (1.0 to ZO mW). 

When the same recording/reproduction experiments were 
conducted for a sample disk which was prepared following 
substantially the same procedures as above, except that no 
third magnetic layer was formed and the first magnetic layer 
was formed to have a thickness of 50 nm, a high reproduc- 
tion C/N ratio was obtained from narrow ranges of the 
applied magnetic field (150 Oe) and the reproduction power 
(1.0 to 2.0 mW). 

[Seventh Embodiment] 

In the layer structure of a magnetooptical recording 
medium used in the present invention, a third magnetic layer 
34, a first magnetic layer 32, and a second magnetic layer 33 
are sequentially laminated on a substrate 31. In this record- 
ing medium, a recording/reproduction laser beam is incident 
from the substrate 31 side. Note that these magnetic layers 
satisfy the following conditions: 
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Room Tempcrarure^j^y, l <T t , 
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R cX {FTy^JL?tfnyi2M, x {Krjh x (el room temperature) >H el {R)- 
G w \7iR)/lM fi (R)h l (upon reading) 

where H cl , H^, and H c3 are respectively the coercive forces 
of the first, second, and third magnetic layers; T clJ T^, and 
T c3 , are the Curie temperatures of the first, second, and third 15 
magnetic layers; h^ h 2 , and h 3 , are the film thicknesses of 
the first, second, and third magnetic layers; T compl and 
Teeny*, are we compensation temperatures of the first and 
third magnetic layers; and c w \2 and a w 13, are the interface 
magnetic wall energies between the first and second mag- 
netic layers and between the first and third magnetic layers. 
H cl (RT) and M X ,(RT) respectively represent the coercive 
force and saturation magnetization of the first magnetic layer 
at room temperature. H cl (R) and M sl (R) respectively rep- 
resent the coercive force and saturation magnetization of the 
first magnetic layer at a temperature upon reading. 
o w 12(RT) and o~ w 12(R) represent the interface magnetic 
wall energies between the first and second magnetic layers 
at the room temperature and at a temperature upon reading, 
respectively. Each of the first, second, and third magnetic 
layers 32, 33, and 34 comprises a perpendicular magnetic 
film consisting of an amorphous alloy of a rare earth element 
(Tb, Dy, Gd, Nd, Ho, or the like) and an iron-group 
transition metal (Fe, Co, Ni, or the like), and an exchange- 
coupling force acts between each two adjacent layers. As the 
substrate 31, known materials such as glass, a glass member 
with a guide track consisting of an ultraviolet setting resin, 
polycarbonate, polymethyl methacrylate, an epoxy-based 
resin, and the like can be used without any limitations. As 
another example of the layer structure of the magnetooptical 
recording medium used in the present invention, a medium 
constituted by laminating a guide track layer 36, a protective 
layer 36, a third magnetic layer 34, a first magnetic layer 32, 
a second magnetic layer 33, another protective layer 36, and 
a reflective layer 37 in turn on a substrate 31 may be used. 
Furthermore, an intermediate layer having a function of 
adjusting the exchange-coupling force may be formed 
between the magnetic layers, and a magnetic layer for 
adding another function may be formed (e.g., a magnetic 
layer having a high Curie temperature and a large magne- 
tooptical effect may be formed on the side of the substrate 
31 with respect to the third magnetic layer 34). 

Moreover, two media each having the above-mentioned 
structure may be adhered to each other to constitute a 
double-sided recordable medium. A difference between this 
embodiment and the above-mentioned sixth embodiment is 
that the third magnetic layer has a larger coercive force than 
that of the first magnetic layer at room temperature, and has 
a lower compensation temperature than that of the first 
magnetic layer (T^^T^,). 

The effect of this embodiment will be described below 
with reference to FIG. 38. 

FIG. 38 shows changes in coercive force of the respective 
magnetic layers. Since the first and third magnetic layers are 
strongly exchange-coupled to each other (the bias magnetic 
field based on exchange-coupling is larger than the differ- 
ence between the coercive forces of the two layers), the 


directions of magnetization of the two layers are simulta- 
neously reversed in measurement of a magnetization curve. 

In FIG. 38, solid curves represent the measurement results 
of single-layered film samples of the first, second, and third 
5 magnetic layers. Also, a dotted curve represents the mea- 
surement result of a lamination state of the third and first 
magnetic layers. As can be seen from FIG. 38, in the case of 
the first magnetic layer alone, its coercive force H el 
increases up to the compensation temperature T WJlv j, and 
10 the strength of the bias magnetic field o w l 2(t)/2M 5l (t)h 1 by 
the exchange-coupling force between the first and second 
magnetic layers decreases to become zero at the Curie 
temperature of the second magnetic layer. For this reason, it 
is difficult to consider that the margin H cl (t)-<T w 12(t)/ 
2M, 1 (t)h 1 for the stable presence of a magnetic wall 
decreases upon as increase in temperature if the temperature 
distribution in the reproduction beam spot is not taken into 
consideration. Contrary to this, in a laminated system of the 
third and first magnetic layers indicated by the dotted curve, 
20 the coercive force and magnetization of the third magnetic 
layer abruptly decrease by the temperature rise from room 
temperature. The apparent coercive force indicated by the 
dotted curve is H CI (t)+a w 13(ty2M J1 (t)h 1I and exhibits a 
larger value than H c ,(t) by a bias based on the exchange- 
25 coupling force. However, H^t) abruptly increases by a 
temperature rise, and the coercive force of the laminated 
system indicated by the dotted curve assumes a minimal 
value, as shown in FIG. 31. Then, the coercive force 
approaches the value H e ,(t). In this case, the margin H cl (t>- 
30 a w 12(t)/2M XI (t)h, for the stable presence of a magnetic wall 
assumes a minimal value at a temperature tmin at which the 
coercive force of the laminated system indicated by the 
dotted curve becomes minimal. For this reason, a read 
magnetic field upon magnetic super-resolution reproduction 
35 is set to satisfy Hb>H cl (tmin)-^ w 12(tnun)/2M, 1 (tnun)h l , so 
that the margin assumes a negative value (to transfer a pit 
formed in the second magnetic layer to the first magnetic 
layer) at this temperature. The magnetization state during 
recording is the same as that in the fifth embodiment shown 
40 in FIG. 31 or 33. The magnetic super-resolution reproduc- 
tion of a recording pit is the saime as that in the fifth 
embodiment shown in FIGS. 36A and 36B. As described 
above, overwrite recording and magnetic super-resolution 
reproduction can be realized under a predetermined condi- 
43 Don and method using the recording medium having the 
first, second, and third magnetic layers of the present inven- 
tion. 

[Experimental Example 7] 

An experimental example of the present invention will be 
so described in detail below. 

A 60-nm thick dielectric protective film consisting of 
Si 3 N 4 was formed by a sputtering method on a polycarbon- 
ate substrate having a thickness of 1.2 mm and a diameter of 
130 mm, and a 10-nm thick third magnetic layer consisting 
55 of GdjsFegoCOjs (at %) was formed on the protective film. 
A 25-nm thick first magnetic layer consisting of 
Gd 2 oDy 5 Fe 70 Co 5 (at %) was formed on the third magnetic 
layer, and a 20- nm thick second magnetic layer consisting of 
Dyi2Tb 10 Fe 70 Co 8 (at %) was formed on the first magnetic 
60 layer. Furthermore, a 40-nm Al heat sink layer was formed 
on the second magnetic layer, and a 60-nm thick dielectric 
protective film consisting of Si 3 N 4 was formed on the heat 
sink layer, thus obtaining a magnetooptical recording 
medium. 

65 The characteristics and the like of this medium are as 
follows. 

Coercive f6rce (H cl ) of first magnetic layer: 500 Oe 
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Curie temperature (T cl ) of first magnetic layer 230° C 
Saturation magnetization (M,j) of first magnetic layer 
220 emu/cc 

Rim thickness (h,) of first magnetic layer 25 nm 
Compensation temperature (T^ t ) of first magnetic 5 
layer 180° C. 

Coercive force (HJ of second magnetic layer 15,000 Oe 
Curie temperature (T^ of second magnetic layer 1 60° C. 
Saturation magnetization (M^ of second magnetic layer 
40 emu/cc 

Film thickness (hj of second magnetic layer. 20 nm 
Coercive force (H c3 ) of third magnetic layer 8,000 Oe 
Curie temperature (T^ of third magnetic layer 165° C. 
Saturation magnetization (M j3 ) of third magnetic layer 
10 emu/cc 

Compensation temperature (T COJ __ 3 ) of third magnetic 
layer 10° C 

Film thickness (hj of third magnetic layer 10 nm 

Interface magnetic wall energy (c w 13) between third and 
first magnetic layers: 2.0 erg/cm 2 

Interface magnetic wall energy (a w 12) between first and 
second magnetic layers: 2.2 erg/cm 2 

This magnetooptical recording medium was rotated at 
1,800 rpm, and recording was performed at a radial position 
of 35 mm by binary recording power (Pb: 5 mW, Pa: 12 
raW) using a laser having a wavelength of 780 nm while 
applying a magnetic field of 200 Oe upward Note that the 
strength of the external magnetic field for magnetizing 
(initializing) the third and first magnetic layers upward was 
2 k0e - 

30 

Note that the apparent coercive force of the laminated film 
of the third and first magnetic layers was about 1 kOe (this 
value is almost equal to H cl (500 Oe)+a M ,13/2M J1 h 1 (400 
Oe)). 

Also, a bias based on the exchange-coupling force from 35 
the interface of the second magnetic layer with the laminated 
film of the third and first magnetic layers was about 300 Oe 
(this value is almost equal to a w 12/(2M Jl b 1 +2M j3 h 3 )). 

Upon recording, the frequency of a recording signal was 
changed from 1.8 MHz to 7.4 MHz. Upon reproduction of ^ 
a recorded signal, the reproduction beam output was 
changed from 1 mW to 3 mW. At the same time, in the 
reproduction beam spot, a magnetic field was applied down- 
ward while its strength was changed from 0 to 500 Oe. 

As a result, high reproduced signal quality with a C/N ^ 
ratio of 40 dB or higher could be obtained foT, e.g., a 
recorded signal of 7.4 MHz (mark length of about 0.4 urn) 
over wide ranges of the applied magnetic field. 

When the same recording/reproduction experiments were 
conducted for a sample disk which was prepared following 
substantially the same procedures as above, except that no 
third magnetic layer was formed and the first magnetic layer 
was formed to have a thickness of 50 nm, a high reproduc- 
tion C/N ratio was obtained from narrow ranges of the 
applied magnetic field (150 Oe) and the reproduction power „ 
(1.0 to 2.0 mW). 55 

What is claimed is: 

1. A method of recording information on a magnetooptical 
recording medium, which is constituted by laminating at 
least a first magnetic layer and a second magnetic layer in an ^ 
order named on a substrate which has transparency and on 
which receiving a laser beam is incident, and which satisfies 
the following relations (1) to (4): 


(3) 
(4) 


(where H cl and are respectively the coercive forces of 
the first and second magnetic layers; T cl and are 
respectively the Curie temperatures of the first and second 
magnetic layers; M sl and are respectively saturation 
magnetizations of the first and second magnetic layers; h 1 
and h 2 are respectively the film thicknesses of the first and 
second magnetic layers; T compl is the compensation tem- 
perature of the first magnetic layer, and o w 12 is the interface 
magnetic wall energy between the first and second magnetic 
layers, 

said method comprising: 

the step of aligning a direction of a magnetic moment of 
the first magnetic layer in one direction by an external 
magnetic field; 

the step of irradiating a laser spot of low power while 
applying a recording bias magnetic field in the same 
direction as the direction of the external magnetic field 
so as to form a first recording bit only in a high- 
temperature region in the laser spot; 

the step of irradiating a laser spot of high power while 
applying the recording bias magnetic field so as to form 
a second recording bit, in which a magnetic wall is 
present between the first and second magnetic layers, 
only in the high-temperature region in the laser spot; 
and 

the step of selecting one of the first recording bit forming 
step and the second recording bit forming step in 
correspondence with information. 

2. A method according to claim 1, wherein the high- 
temperature region in the laser spot is a partial region in the 
laser spot 

3. A method according to claim 1, wherein the first 
magnetic layer is an in-plane magnetic film at room tem- 
perature, and becomes a perpendicular magnetic film when 
a temperature rises. 

4. A method according to claim 1, wherein each of the first 
and second magnetic layers consists of a rare earth-transition 
metal element amorphous alloy, a sublattice magnetization 
of the first magnetic layer is rare earth element-dominant, 
and the first magnetic layer has a composition gradient in a 
direction of film thickness, such that a ratio of a transition 
metal element increases at a side near the substrate. 

5. A method according to claim 1, wherein a third mag- 
netic layer is formed between the first magnetic layer and the 
substrate. 

6. A method according to claim 5, wherein said medium 
further satisfies the following conditions: 


(5) 
(6) 
C7) 
(8) 


(1) 
(2) 
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H cl (RTHjJ2(fl7y2M J , l [in)h 1 (ai room temperaiore>/7 c ,(/?)- 
o (r 12yO/2A/ Jl (/?)A 1 (upon reading) (9) 

where H c3 is the coercive force of the third magnetic layer; 
o w }3 is the interface magnetic wall energy between the first 
and third magnetic layers; M^ is the saturation magnetiza- 
tion of the third magnetic layer, h 3 is the film thickness of 
the third magnetic layer, and T c „ and are the Curie 
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temperatures of the first, second, third magnetic layers, 
H cl (RT) and M jl (RT) are the coercive force and saturation 
magnetization of the first magnetic layer at room tempera- 
ture; respectively; H^CR) and M^CR) are respectively the 
coercive force and saturation magnetization of the first 
magnetic layer at a temperature upon reading; and o~ w 12(RT) 
and a w 12 (R) are the interface magnetic wall energies 
between the first and second magnetic layers at the room 
temperature and at a temperature upon reading, respectively. 

7. A method according to claim 5, wherein said medium 
further satisfies the following conditions: 


H cl ^aJ3/2M Ml h i 
H c3 <a w 13/2M^A 3 


f/ cl (i?7)-o w 12(f?T)/2M J ,(R7>ft, (at room temperature>// c ,(*?>- 
a H ,12(ft/2M, 1 (ff)Ai (upon reading) (9) 


* co»v>3 camp 1 


where T comp3 is the compensation temperature of the third 25 
magnetic layer, H c3 is the coercive force of the third mag- 
netic layer; a w 13 is the interface magnetic wall energy 
between the first and third magnetic layers; M j3 is the 
saturation magnetization of the third magnetic layer; h 3 is 
the film thickness of the third magnetic layer, and T c ,, T^, 30 
and are the Curie temperatures of the first, second, third 
magnetic layers; H cl (RT) and M,j (RT) are the coercive 
force and saturation magnetization of the first magnetic layer 
at room temperature, respectively, H cl (R) and M si (R) are 
respectively the coercive force and saturation magnetization 35 
of the first magnetic layer at a temperature upon reading; and 
a w 12 (RT) and G W 12 (R) are the interface magnetic wall 
energies between the first and second magnetic layers at the 
room temperature and at a temperature upon reacting, respec- 
tively. 40 

8. A method of reproducing information from a magne- 
tooptical recording medium, which is constituted by lami- 
nating at least a first magnetic layer and a second magnetic 
layer in an order named on a substrate having transparency, 
and which satisfies the following relations (1) to (4): 45 


magnetic layer so as to change the direction of the 
magnetic moment of the first magnetic layer only in a 
high-temperature region in the laser spot to a state 
wherein no magnetic wall is present between the first 
3 and second magnetic layers; and 

the step of reproducing recorded information by detecting 
reflected light of the laser spot. 

9. A method according to claim 8, wherein the high- 
temperature region in the laser spot is a partial region in the 

10 laser spot. 

10. A method according to claim 8, wherein the first 
magnetic layer is an in-plane magnetic film at room tem- 
perature, and becomes a perpendicular magnetic film when 
a temperature rises. 

11. A method according to claim 8, wherein each of the 
13 first and second magnetic layers consists of a rare earth- 
transition metal element amorphous alloy, a sublattice mag- 
netization of the first magnetic layer is rare earth element- 
dominant, and the first magnetic layer has a composition 
gradient in a direction of film thickness, such that a ratio of 

20 a transition metal element increases at a side near the 
substrate. 

12. A method according to claim 8, wherein a third 
OO) magnetic layer is formed between the first magnetic layer 

and the substrate. 

13. A method according to claim 12, wherein said medium 
further satisfies the following conditions: 


(5) 
(6) 
0) 

(8) 


H^H eX (5) 
H.IXJJ3/2M,,*! (6) 
tia<a w \WM,Ji z (1) 
T cl >T^ T« (8) 
f/ c i(R7>-o w 12(W7y2Af, l (/?T)/i l (ai room tcmpcranirc>//,i(R>- 


a w \7JUi)f2M t i(fi)hi (upon reading) 


(9) 


"c2>"cl 


0) 

a) 

0) 


50 


(4) 


where is the coercive force of the third magnetic layer; 
a w 13 is the interface magnetic wall energy between the first 
and third magnetic layers; M j3 is the saturation magnetiza- 
tion of the third magnetic layer; h 3 is the film thickness of 
the third magnetic layer; and T c i, T rt and T c3 arc the Curie 
temperatures of the first, second, and third magnetic layers; 
H c i(RT) and M^CRT) are the coercive force and saturation 
magnetization of the first magnetic layer at room tempera- 
ture, respectively; H cl (R) and M^CR) are respectively the 
coercive force and saturation magnetization of the first 
magnetic layer at a temperature upon reading; and a w 12(RT) 
and a w 12(R) are the interface magnetic wall energies 
between the first and second magnetic layers at the room 
temperature and at a temperature upon reading, respectively. 

14. A method according to claim 12, wherein said medium 
further satisfies the following conditions: 


where H cl and H c 


are the coercive farces of the first and 
second magnetic layers; T cl andT^, the Curie temperatures 
of the first and second magnetic layers; M 5l and M j2 , 
saturation magnetizations of the first and second magnetic 
layers; h x and h^ the film thicknesses of the first and second 
magnetic layers; Tc^i, the compensation temperature of 
the first magnetic layer, and a w 12, the interface magnetic 
wall energy between the first and second magnetic layers, 
said method comprising: 

the step of irradiating a laser spot from the transparent 
substrate side; 

the step of applying a magnetic field in a direction 
opposite to a direction of a magnetic moment of the first 


55 


60 


(5) 
(6) 
CD 
(8) 
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H cX {KTy^ w \2{Kty2M tX {JCT)h x (a! room tcmperature)>H CI (tf}- 
a w 12tffy2M, t (K)A: (upon reading) (9) 

W<T COTyl (10) 

where T Mflv3 is the compensation temperature of the third 
magnetic layer, H c3 is the coercive force of the third 
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40 


H €l >oJl212M al h l , o^lSflWrtA, 

Room Tcmpcrature<7 , (aMV ,<r r , 

H cl (RTHs w l2(inV2M tl {F7yi l (at room temperaiure>fL)(K)- 
ojadOflMriOOfc, (7) 


50 

(1) 
(2) 

C3) 55 
(4) 
(5) 

(6) 60 


(8) 


where H cll H^, and are respectively the coercive forces 
of the first, second, and third magnetic layers; T cl , T^, and 
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magnetic layer, o w 13 is the interface magnetic wall energy 
between the first and third magnetic layers; M j3 is the 
saturation magnetization of the third magnetic layer, h 3 is 
the film thickness of the third magnetic layer, and T c j, T c2 
and are the Curie temperatures of the first, second, and 
third magnetic layers; H el (RT) and M J1 (RT) are the coercive 
force and saturation magnetization of the first magnetic layer 
at room temperature, respectively; H^CR) and M,|(R) are 
respectively the coercive force and saturation magnetization 
of the first magnetic layer at a temperature upon reading; and 
G W 12(RT) and a w 12(R) are the interface magnetic wall 
energies between the first and second magnetic layers at the 
room temperature and at a temperature upon reading, respec- 
tively. 

15. A magnetooptical recording medium in which at least 
a first magnetic layer and a second magnetic layer each 15 
consisting of a rare earth-transition metal alloy are laminated 
in an order named on a substrate having transparency, and 
which satisfies the following conditions (1) and (2) and 
relations (3) to (8): 

(1) a sublattice magnetization of the first magnetic layer 20 
is rare earth element-dominant 

(2) a composition of the first magnetic layer has a gradient 
in a direction of film thickness, such that a transition 
metal composition increases at a side near the substrate 


"<z>H cl (3) 

H^xjJIM^ (4) 

H.ixsjm^ (5) 30 

Room TempeiHiure<r«^, <7 cl (6) 

T*<T cl (7) 

HrtimyvJFiyiM^BTlht (at room temperature) |<T el J 35 
>He X ifo*aJRmi aX (fflh x (upon reproduction) 

where H cl and are respectively the coercive forces of the 
first and second magnetic layers; T cl and are the Curie 
temperatures of the first and second magnetic layers, respec- 
tively; h, and hj are the film thicknesses of the first and 
second magnetic layers, respectively; T compl is the compen- 
sation temperature of the first magnetic layer, and o w is the 
interface magnetic wall energy between the first and second 
magnetic layers. 

16, A magnetooptical recording medium in which at least 45 
a third magnetic layer, a first magnetic layer, and a second 
magnetic layer are laminated in an order named on a 
substrate having transparency, and which satisfies the fol- 
lowing relations (1) to (8): 


are the Curie temperatures of the first, second, and third 
magnetic layers, respectively; h„ h 2 , and h 3 are respectively 
the film thicknesses of the first, second, and third magnetic 
layers; T CMjpl is the compensation temperature of the first 
magnetic layer, and a w 12 and a w 13 are respectively the 
interface magnetic wall energies between the first and sec- 
ond magnetic layers and between the first and third magnetic 
layers; H cl (RT) and M xl (RT) are respectively the coercive 
force and saturation magnetization of the first magnetic layer 
at room temperature; H c] (R) and M,j(R) are respectively the 
coercive force and saturation magnetization of the first 
magnetic layer at a temperature upon reproduction; and 
O w 12(RT) and o w \2(R) represent the interface magnetic 
wall energies between the first and second magnetic layers 
at the room temperature and at a temperature upon repro- 
duction, respectively. 

17. A magnetooptical recording medium in which at least 
a third magnetic layer, a first magnetic layer, and a second 
magnetic layer are laminated in an order named on a 
substrate having transparency, and which satisfies the fol- 
lowing relations (1) to (9): 


H^H <X 


Room Temperature^^, 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
C7) 


HriUm-oMKiyiM^iRnhi (at room tcmpaasaic>H el {R)- 


(9) 


where H cl , H^, and H c3 are respectively the coercive forces 
of the first, second, and third magnetic layers; T cl , T^, and 
T c3 are respectively the Curie temperatures of the first, 
second, and third magnetic layers; h p h 2 , and h 3 are respec- 
tively the film thicknesses of the first, second, and third 
magnetic layers; T compl and T eomp3 are respectively the 
compensation temperatures of the first and third magnetic 
layers; and o w 12 and a w 13 are respectively the interface 
magnetic wall energies between the first and second mag- 
netic layers and between the first and third magnetic layers, 
H cl (RT) and M J1 (RT) are respectively the coercive force and 
saturation magnetization of the first magnetic layer at room 
temperature; H cl (R) and M sl (R) are respectively the coer- 
cive force and saturation magnetization of the first magnetic 
layer at a temperature upon reading; and a w 12(RT) and 
a w 12(R) represent the interface magnetic wall energies 
between the first and second magnetic layers at the room 
temperature and at a temperature upon reading, respectively. 

18. A magnetooptical recording medium which is consti- 
tuted by laminating at least two magnetic layers on a 
transparent substrate, wherein a first magnetic layer, exhib- 
iting in-plane magnetic anisotropy at room temperature and 
exhibiting perpendicular magnetic anisotropy at raised tem- 
peratures, and a second magnetic layer exhibiting perpen- 
dicular magnetic anisotropy, are laminated in an order 
named on the substrate, and the first and second magnetic 
layers satisfy the following relations (I) to (IV): 
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0) 
(HI) 

av) 


where H cl is ihe coercive force of the first magnetic layer, 
T cl is the Curie temperature of the first magnetic layer, 
T ccmpl is the compensation temperature of the first magnetic \$ 
layer, M,, is the saturation magnetization of the first mag- 
netic layer, h, is the film thickness of the first magnetic 
layer, is the coercive force of the second magnetic layer, 
is the Curie temperature of the second magnetic layer, 
M, 2 is the saturation magnetization of the second magnetic 15 
layer, h 2 is the film thickness of the second magnetic layer, 
a w is the interface magnetic wall energy between the first 
and second magnetic layers; and RT is room temperature. 

19. A method of reproducing, from a magnetooptical 
recording medium which is constituted by laminating at 20 
least a first magnetic layer and a second magnetic layer in 
turn on a substrate, and which satisfies the following con- 
ditions: 


0) 
(2) 
(3) 
(4) 


25 


30 


35 


40 


where H,., and H rt are respectively the coercive forces of the 
first and second magnetic layers; o w is the interface mag- 
netic wall energy between the first and second magnetic 
layers; M sl and are respectively the saturation magne- 
tizations of the first and second magnetic layers; h, and h 2 
are respectively the film thicknesses of the first and second 
magnetic layers; T r is room temperature; is the 

compensation temperature of the first magnetic layer, and 
T cl is the Curie temperature of the first magnetic layer, 
binary information which is recorded by selectively 
executing: 

(1) the step of aligning a direction of a magnetic moment 

of the first magnetic layer in one direction by an 45 
external magnetic field, and thereafter, irradiating a 
laser spot of low power while applying a recording bias 
magnetic field in the same direction as the direction of 
the external magnetic field so as to form a state, 
wherein no interface magnetic wall is present between 50 
the first and second magnetic layers, only in a portion 
of the laser spot; and 

(2) the step of aligning a direction of a magnetic moment 
of the first magnetic layer in one direction by an 


external magnetic field, and thereafter, irradiating a 
laser spot of high power while applying a recording 
bias magnetic field in the same direction as the direc- 
tion of the external magnetic field so as to form a state, 
wherein an interface magnetic wall is present between 
the first and second magnetic layers, only in a portion 
of the laser spot, 

by applying a reproduction magnetic field while irradiat- 
ing a laser spot of power lower than the low power to 
transfer recorded information in the second magnetic 
layer to a portion of the first magnetic layer correspond- 
ing to a portion in the laser spot, thereby reproducing 
the recorded information, 

said method comprising: 

the steps of, prior to reproduction of the recorded infor- 
mation, recording a pit string including at least a 
shortest mark pit corresponding to recording informa- 
tion at a predetermined position of the magnetooptical 
recording medium, reproducing the pit string while 
changing the reproduction magnetic field and repro- 
duction laser power, and determining an optimal com- 
bination of the reproduction magnetic field and repro- 
duction laser power by detecting the reproduced signal. 

20. A method according to claim 19, wherein the deter- 
mination step includes the step of detecting an amplitude of 
the reproduced signal and determining a combination of the 
reproduction magnetic field and reproduction laser power, 
which combination corresponds to a maximal modulation 
factor of the amplitude of the reproduction signal. 

21. A method according to claim 19, wherein the deter- 
mination step includes the step of determining a combina- 
tion of the reproduction magnetic field and reproduction 
laser power in correspondence with an inner temperature of 
a recording/reproduction apparatus and a radial position on 
the recording medium. 

22. A method according to claim 19, wherein the deter- 
mination step includes the step of determining a combina- 
tion of the reproduction magnetic field and reproduction 
laser power, which combination can reduce jitter of the 
reproduced signal to a predetermined value or less. 

23. A method acccmiing to claim 19, further comprising: 
the step of recording the optimal combination of the 

reproduction magnetic field and reproduction laser 
power determined in the determination step in the 
medium as data; and 
the step of reading out the data from the medium upon 
reproduction, and adjusting the reproduction magnetic 
field and reproduction laser power on the basis of the 
readout data. 
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